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Engineering Responsibility 


The entire Turbo-Mixer sales staffis com- and availability. 

posed of trained and experienced mixer These same engineers check your order, 
engineers. These Turbo-Mixer engineers _ review fina! drawings, and follow through 
are the men who call on you. They are to successful operation in your plant. 
qualified to discuss every aspect of your Such “Engineering Responsibility” as- 
mixing problem andthe appropriate mixer _ sures you of reliable installations and max- 
design, including construction, operation imum engineering service. 


Turbo-Mixer 


Series of Turbo Aerators and Floaters on phenolic waste treatment 
SALES OFFICE: 10 EAST 49th STREET, NEW YORK 17, NEW YORK 
General Offices: 135 South La Salle Street, Chicago 90, Illinois . Offices in all principal cities 


OTHER GENERAL AMERICAN EQUIPMENT: —~DRYERS * EVAPORATORS * DEWATERERS 


TOWERS * TANKS * BINS * FILTERS * PRESSURE VESSELS 
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Press-I-Cell 


PRECISE PRESSURE CELL 


ACCURACY— 

as high as 1 part in 10,000 
SCALE — 

600-in. tape, continuous and usable 


The Press-I-Cell is a deflection type 
instrument for the precise indication 
of absolute, gauge and differential 
pressures. It also is applicable in pre- 
cision liquid level and specific gravity 
determinations. 


TWO TYPES AVAILABLE: 
Manually Operated System . 


In this system, low voltage contacts 
are mounted on the flexure arms and 
on the follow-up cradle. The follow- 
up cradle is operated manually by a 
hand crank to a point of measure- 
ment balance, indicated by a change 
from red to green at bull’s-eye light 
at the scale. Pressure is read by com- 
paring the scale against a hairline. 
Conventional flashlight batteries are 
mounted inside the case and are con- 
veniently accessible. 


Servo-Operated System 

Here, small armatures are mounted 

on the flexure arms, and coils to 

complete the inductance bridge are 
mounted on the fol. 
low-up cradle. The 
unbalance current is 
amplified to drive a 
balancing motor 
which restores the 
cradle to a null or 
balance position, 


Compact 5” (diom.) ‘Simultaneously posi- 
gosel mounting tioning the tape scale. 


The high gain ampli- 
fier is mounted in a 


3” x 8” case 


Write today for complete 
information on the new 


Published monthly by American Institute of Chemical Engineers, at 15 North Seventh Street, 
Philadelphia 6, Pennsylyania, Editorial and Advertising Offices, 120 East 41st Street, New York 17, 
. Y. Communications s®ould sent to the Editor. and i in Chemical Engineer- 
ing Progress are those of the contributors, and the American Institute of Chemical Engineers 
assumes no responsibility for them. Subscriptions: U. 8S. and possessions, $6.00: Canada, $6.50: 
Pan-American Union, $7.50; Other Foreign, $8.00. Single copies of Chemical Engineering Progress 
older than one year cost $1.00 a copy; others are 75 cents. Entered as second class matter December 
9, 1946, at the Post Office at Philadelphia, Pennsylvania, under the Act of August 24, 1912. Copy 
ht 1952 by American Institute of Chemical Engineers. Member of Audit Bureau of Circulations 
Chemical Engine Progress is indexed regularly by Engineering Index, Incorporated. 


F & P Press-I-Cell precise 
pressure cell. 


FISCHER & PORTER 


COMPANY 
2200 County Line Road, Hatboro, Pa. 
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My) My Ve Serve. VALVE SERVICE 


CORROSION-RESISTANCE: 


SUITABILITY: 


Ld. forthia- 


OPERATING RESULTS: 


Crane Ni-Resist valves on starch inlet lines to con- 
verters, Corn Products Refining Co. plant, Argo, IL. 


AVAILABILITY: 
THE HISTORY : 


Valves in this service are constantly exposed to hy- 
drochloric acid vapors under working pressure of 
50 psi at approximately 280 deg. F. None of the THE VALVE 

valves formerly used lasted more than 2 to 3 weeks i 

without repairs. In 3 to 4 months they had to be Crane Ni-Resist Cast Iron Gate Valves 
retired from service for rebuilding. Maintenance combine, at moderate cost, the physical 
costs were excessively high. properties of quality cast iron with sub- 


stantially greater resistance to corrosion, 
erosion, and wear. With 18-8 Mo Alloy 


To stop the trouble, the plant chose Crane Ni-Resist 
Alloy Cast Iron Gate Valves with Crane 18-8 Mo trim, they step up valve efficiency on many 


trim. Since being installed, these valves have oper- chemical process services where common 
ated at highest efficiency. On last inspection after 19 cast iron is inadequate. For recommen- 
months’ uninterrupted service, they were still in ex- dations, see your Crane Catalog, or 
cellent condition. call your Crane Representative. 


The Complete Crane Line Meets All Valve Needs. That’s Why 
More Crane Valves Are Used Than Any Other Make! 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS + PIPE + PLUMBING + HEATING 
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Courtesy 
West Virginia Pulp and Paper Company 


Graphite Anodes, Electrodes and Specialties. 
Sales office: Niagara Falls, N.Y. Other offices: New York, N. Y., Chicago, Ill., Pittsburgh, Pa. 


Sales Agents: J. B. Hayes, Birmingham, Ala., George O'Hara, Long Beach, Cal., Great Northern Carbon & Chemical Co. Ltd, Montreal, Canada 
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U high quality GLC Graphite Anodes are equally ortant 

to the and caustic soda production of many leading electro- 
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SINCE HOUSEHOLD CLEANSERS are 
one of many products that require bulk 
in order to do their work efficiently and 
economically . . . it is not surprising to 
find Celite Mineral Fillers used as a 
standard ingredient in quality cleansers. 

The reason is the great bulk per unit 
of weight of Celite Mineral Fillers... as 


well as their exceptionally low cost per 
unit of volume. In addition, they have a 
high absorptive capacity for perfumes 
and chemicals. Celite’s porous, thin- 
walled cellular structure, from which 
these advantages are derived, adapts 
these diatomaceous silica powders to 
numerous industrial uses. 


THESE CELITE PROPERTIES BENEFIT MANY TYPES OF PRODUCTS 


Celite Mineral Fillers are composed of minute, 
multi-shaped particles that interlace to stiffen 
and strengthen admixtures. The microscop- 
ically small facets of these particles diffuse 
light so effectively that they can be utilized to 
impart any desired degree of flatness to a sur- 
face film. Their light, porous nature improves 
suspension, helps prevent segregation. Their 
high absorption properties and unique diatom 


structure make them unusvwally effective for 
overcoming caking in deliquescent materials. 

If you are looking for the “extra something” 
to lift your product above competition—at no 
extra cost—why not discuss your problem 
with a Johns-Manville Celite Engineer? For 
further information and samples, write Johns- 
Manville, Box 60, New York 16, New York. 
In Canada: 199 Bay Street, Toronto, Ontario. 


Johns-Manville CELITE 


a little a long way 


CHECK LIST OF PRODUCT 
BENEFITS OBTAINABLE 
AT LITTLE COST WITH 
CELITE MINERAL FILLERS 


@ Added Bulk 

@ Better Suspension 

@ Foster Cleaning Action 

@ Greater Absorption 

@ Improved Color 

@ Better Dielectric 
Properties 

@ More Durable Finish 

@ Increased Viscosity 

@ Elimination of Caking 

@ Higher Melting Point 

@ Better Dry Mixing 

@ Improved Dispersion 


JM 


MINERAL FILLERS 
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Girdler HYGIRTOL* Plant at U S. Bureau of Mines Synthetic Liquid Fuels 


Plant 


supplies both pure hydrogen and various mixtures of synthesis gas 


Complete engineering-construction 
‘service assures a job “well done” 


OR PROCESS PLANTS in the 
ak natural gas, and 
petroleum industries, Girdler 
assumes unit responsibility for de- 
sign, process engineering, and con- 
struction. This saves you engineer- 
ing manhours and time. Most 
important, it assures proper co- 
ordination of the whole project 
and successful results. 

Girdler has broad experience in 
handling complete “process pack- 
ages” covering design and con- 
struction of process plants involv- 
ing very high operating pressures, 


high temperature reactions, and 
corrosive substances. 

For the first step in your plan- 
ning, obtaining factual data for 
evaluation, Girdler offers <ost-plus 
contracts covering preliminary 
engineering . . . process recom- 
mendations, flow diagrams, general 
equipment specifications, plot 
plans, cost estimates, and oper- 
ating cost data. This simplifies 
planning, and assures sound deci- 
sions. For a job “well done”, call 
on Girdler in the planning stages 
of your processing facilities. 

*HYGIRTOL is © trode mark of The Girdier Corp 


the GIRDLER 


LOUISVILLE 1, KENTUCKY 
Gas Processes Division 


GAS PROCESSES Division. Designers, Engineers, and Constructors for the Petroleum and 
Chemucal Industries 


VOTATOR DIVISION: Processing Apparatus for the Food and Chemical Industries 
THERMEX DIVISION: Industrial High Frequency Drelectric Heating Apparatus 


Vol. 48, No. 10 


Chemical Engineering Progress 


PROCESS RESEARCH —Girdler’s research and 
development department is well equipped 
to assist with all types of process problems. 
A technical staff is available for consultation, 
and Girdler’s research group can be em- 
ployed on special problems at reasonable cost. 


ENGINEERING —Experienced executives direct 
a group of engineering specialists, trained for 
every job requirement. In addition to basic 
process and equipment design, Girdler en- 
gineers have broad experience in buildings, 
foundations, electrical systems, boiler plants, 
instrumentation, etc. 


ON-THE-JOB—Girdler engineers supervise 
and direct all phases of construction. When 
the job is completed, experienced operating 
engineers will start up the plant, train oper- 
ating personnel, run acceptance tests, and 
supply complete operating data. 


Want More Information ? 
Girdler’s Gas Processes Division designs and 
builds plants for the production, purifica- 
tion, or utilization of chemical process gases; 
purification of liquid or gaseous hydrocar- 
bons, manufacture of organic 
compounds. Write for Booklet 

G-35 The Girdler Corporation, 

Gas Processes Division, Louis- 

ville 1, Kentucky. District 

Offices New York, Tulsa, 

San Francisco. In Canada 

Girdler Corporation of 

Canada Limited, Toronto 


‘ a . 
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COMPLEX OIL REFINERY PROCESS is controlled from this board which utilizes some 
50 Tel-O-Set recorders on the front of the panel, and an equal number of Tel-O-Set 
controllers mounted behind the panel. Multi-point Electronik instruments at left 
record additional process variables. 


These well-known companies are taking advantage 
of Honeywell's specialized knowledge in the design, 
construction and operation of graphic panels: 


Bechtel Corporation 
C. F. Braun 
Canadian Oil Refineries 
Catalytic 
Construction Co. 
Cooperative Refinery 
Association 
Day & Zimmerman Inc. 
Derby Oil Co. 
Farmers Union Central 
Exchange Refinery Inc. 
The Fluor 
Corporation Ltd 
Foster-Wheeler Corp. 
Great Lakes Refinery 
Imperial Oil of Canada 
Inter- Mountain Chemical 


International Refineries, Inc. 


Kanotex Refining Co. 
The Lummus Company 
Northwestern Refinery 


Pan-Am Southern 
Phillips Petroleum Co. 
The Refinery 

Engineering Co. 
Rohm and Haas Co. 
Shell Oil Co. 
Sinclair Refining Co. 
Socony-Vacuum Oil Co. 
Southwestern 

Engineering Co. 
Standard Oil Co. 

of California 
Standard Oil Co. 

of Indiana 
Standard Oil Co. 

of New Jersey 
Sunray Oil Corp. 
Sutherland Refiner Corp. 
Union Oil Co. 

of California 
Vickers Petroleum 


FUNCTION-DESIGNED CONTROL for a large refinery includes 
this section in a large graphic panel by Honeywell—using 
front-of-panel Liquid Level Indicators and Tel-O-Set re- 
corders, plus Tel-O-Set controilers behind the panel. 
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PANEL PRODUCTION 

in Honeywell's extensive 
shop, devoted exclusively 
to panel work — utilizes 
the skills of highiy 
trained specialists. All 
instruments, controllers, 
accessories, and back of 
panel wiring and piping 
are carefully assembled 
—then subjected to 
rigorous tests to assure 
trouble-free installation 
and start-up when the 
panel reaches your plant. 


Snown at the left are just two of the many 
graphic instrument panels which Honeywell has 
supplied for centralized control of a wide variety 
of industrial processes. Each one is the result of 
well-seasoned engineering know-how . . . based on 
extensive Honeywell experience . . . which com- 
bines all instruments and accessories into a closely 
integrated, efficient design. 

Whether your process calls for a full graphic or 
semi-graphic panel . . . a conventional board . . . 
or a control cubicle . . . you can be sure of obtain- 
ing every feature of quality and performance 
that you need in a Honeywell panel. 

In Honeywell’s Panel Division, meticulous atten- 
tion to engineering detail and highly developed 


Hone 


BROWN 


Important Reference Data 


mneywell 


INSTRUMENTS 


Pout Controls 


construction techniques watch over every step— 
from blueprint to assembly to final test. Add to 
this engineering and manufacturing skill the 
availability of a complete line of conventional 
and miniature instruments, and the result is a 
control board . . . custom-fitted to your needs . . . 
that makes Panels by Honeywell synonymous with 
the best in centralized control. 

Our local engineering representative will be glad 
to discuss how graphic panels by Honeywell can 
bring new efficiency to your processes. Call him 
today . . . he is as near as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4427 Wayne Avenue, Phila- 


delphia 44, Penna. 


Write for your copy of Bulletin No. 85-20, "Centralized Instrumentation . . . unlimited.” 
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Cleseup of a special Dorr Tray Thickener 
with rubber cover mechanism and ser- 
rated rake blades. Lead covered steel, wood 
and stainless steel units have also been 
fabricated. 


A special 300 ft. dia. Dorr Thickener 
equipped with picket arms and a flocculat- 
ing feedwell installed in a 750 ft. dia. 
earthen basin clarifies 15,000 gpm of phos- 
phate rock tailings. 


Many thickening problems in the process 
industries can’t be solved by standard 
methods. It’s here that Dorr’s ability to 
provide a special unit, tailor-made for 
the special job, pays dividends. Here are 
four recent examples. If your problem 
requires a fresh approach, why not check 


Reg. U. S. Pat. Off 


Dorr Thickeners are covered with concrete 
domes to minimize ammonia loss in a nickel 
leaching plant. Covered Dorr Thickeners 
are also used in the pigments industry where 
size precludes indoor installation. 


One of the largest water recovery plants in 
the east uses three 250 ft. dia. Dorr Torq* 
Thickeners installed in a single earthen 
basin. Almost 5 acres of surface area is 
provided with a capacity of 144% million 
gallons per day. 


Dorr . . . the oldest manufacturer of sedi- 
mentation equipment . . 
ideas. Write for your copy of Bulletin 
No. 3001 “Dorr Thickeners for chemical, 
metallurgical and industrial processing.” 
The Dorr Company, Engineers, 
Stamford, Connecticut. 


. with the newest 


“Bitter tools TODAY te tomorrows demand. 


THE DORR COMPANY + ENGINEERS 


STAMFORD, CONN. 


Offices, Associated Componies or Representatives in principal cities of the world. 
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Buflovak Evaporators offer the chemical in- 
dustry efficient evaporation of processing, high 


ADVANCED capacity and maximum recovery of solids. All 


of these because of advanced scientific design 


in every BUFLOVAK Evaporator! 


Modern Design insures maximum capacity, 
virtually complete recovery of all solids, and 


low operating costs. Automatic controls main- 
a tain high level of operating efficiency, and 


simplify operation . . . all with their profit- 


EVA POR ATO s building advantages. 


¥ HIGH RATE OF 
EVAPORATION 


¥ MAXIMUM 
RECOVERY OF SOLIDS 


¥ SIMPLIFIED 
OPERATION 


BUFLOVAK Evaporator used 
in the process of synthesizing 
glycerine from petroleum, at 
the plant of the Shell Chemi- 
cal Corporation. 


BUFLOVAK EQUIPMENT DIVISION OF BLAW-KNOX CO. 


1567 FILLMORE AVE., BUFFALO 11, N.Y. 
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FISCHER & PORTER 
FLOW RATE 


New ...and providing a degree of precision never 
before approached — plus Fischer & Porter adherence to 
quality of design and components... the new 
1600 Series Integrator merits your careful analysis. 


Measure these outstanding benefits: 
High speed—only 22 seconds between counts. Follows rapid fluctuations 
in input signal with highest fidelity. 
Motor drive — GE type SMY, low speed synchronous motor — absolutely 
unique in this field. 


Standard or explosion proof available from stock. 


Completely enclosed mechanism—new die-cast aluminum case built to 
meet unusual dust tight, vapor tight, waterproof or explosion proof re- 
quirements. 


1 
2 
3 
4 
5 All mechanisms completely enclosed, permanently lubricated. 
6 
7 
8 
9 


Mechanical accumulator — unique F &P design of an infinitely variable 
roller clutch and reverse brake mechanism, magnetically loaded eliminating 
springs and friction. Entire mechanism oil immersed for permanent clean- 
liness, lubrication, and freedom from wear and corrosion. 


Motor drive gears and overtravel crank enclosed and permanently lubri- 
cated with silicone instrument grease. 

New counter — clearly visible — no peep holes. 

— available with predetermining counters for limiting process quantities. 
— available with reset, remote electric repeater counters. 


Input cams available for linear, square root or fractional power flow or 
other functions. 


Complete information 
on the new Series 1600 
Integrator is yours for 
the asking. 


FISCHER & PORTER COMPANY 


@1854-R 200 COUNTY LINE ROAD, HATBORO, PENNA. 
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FROM 
CLEARED 
SITE 


To 


The cleared site with hard-surface roads installed for construction efficiency. 
O N T R FE A M $25,000,000 plant with 30,000 B. P. D. quadruple reactor Houdriflow catalytic 
cracking unit, gas recovery and gasoline stabilization plant, polymerization 
plant, crude distillation unit and vacuum flash unit, boiler plant, water 


supply and cooler, product tankage, storage, electric sub-station and offices. 
In 


MONTHS 


because of 


UNDIVIDED 
RESPONSIBILITY 


Undivided responsibility made it possible to coordinate process 
design, engineering, purchasing, expediting and construction— 
so that this outstanding performance was possible. 
CATALYTIC’S ON-TIME .. . . ON-BUDGET SERVICES 
Research & Development Economic Studies Procurement 
Pilot Plant Process Design Construction 
Investigations Engineering Plant Operation 
Revamp of Existing Facilities * Plant Maintenance 


CATALYTIC 


CONSTRUCTION COMPANY 


1528 Walnut Street, Philadelphia 2, Penna. 
In Canada: Catalytic Construction Company of Canada, Limited, Sarnia, Ontario 
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Pfizer... 
Pioneers in Citric Acid 
by Fermentation 


® In 1923. after many years of research, Pfizer in- 
augurated commercial production of Citric Acid by 
the fermentation process, making available to Amer- 
ican industry for the first time a reliable supply of this 
important acid. 


Prior to the Pfizer fermentation process, the manu- 
facture of Citric Acid depended mainly on imported 
citrate of lime. When this crude material was in short 
supply, the manufacture of Citric dwindled and prices 
were forced upward. 


The new Pfizer process, based on the vegetative 
fermentation of sugar, resulted in a product of the 
highest quality. Readily available raw materials and 
the new improved process enabled Pfizer to reduce 
the price of Citric. Since the price has remained con- 
sistently low...even through World War Il and the 
post-war years...manufacturers have found this non- 
toxic acid increasingly economical to use. And as its 
popularity has grown, Pfizer has expanded produc- 
tion facilities to meet all demands. 


Today, as always, you'll find Pfizer a most depend- 
able source for top-quality Citric Acid. 


CHAS. PFIZER & CO., INC. 
630 Flushing Ave., Brooklyn 6, N.Y. 
Branch Offices: Chicago, I!l.; Son Francisco, Colif.; Vernon, Calif. 


¥ One of the first steps in the recovery of citric acid manufactured by fermentation. 
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PIPES: Produced in diameters of 4,” up, HAVEG 

piping comes in lengths to Ww. It can be cut 
and fitted on the job. Expansion joints are used when the 
line is not free to move lengthwise, especially in hot service. 
Remember, HAVEG piping takes 265°F. and will not crack 
under expansion or contraction. It weighs roughly one fifth 
that of iron and is highly resistant to corrosion through and 
through. HAVEG is unaffected by HCL in all concentra- 
tions, takes H.SO, up to a 50°; concentration, and is resis- 
tant to Acetic Acid. 


DUCTS: Corrosive gases or fumes can be handled 


safely and economically in entire systems 
constructed of HAVEG. Lighter walls are used, with 
HAVEG Fume Duct made in cylindrical or rectangular 
shapes (diameters of 2” up). Because HAVEG is a molded 
plastic, it is individually tailored to your needs, using low- 
cost molds and modern methods. Fume hoods, bifurcators, fan 
housings, expansion joints, fittings, all made from HAVEG 
belong in your present or contemplated fume system. 


VALVES: a EG is easily molded into a variety 


valve bodies. Outstanding are the 
@l-HAVEG “y” and the Hills-McCanna Saunders 
Patent Diaphragm Valve. The latter features a diaphragm 
which isolates the working mechanism from the corrosive 
liquid with the HAVEG body giving its usual resistance to 
corrosion and long service life. (Acid pumps are also ma- 
chined out of HAVEG. No metal contacts the liquid, so 
no corrosion, no contamination.) Consult your HAVEG sales 
engineer for latest details on HAVEG used in valves and 
acid pumps. 


It's a long story, telling all about HAVEG! 
It takes 64 pages of text and photos to show 
what HAVEG is (a molded plastic made into 
tanks, towers, pipes, valves, agitators, etc.) ; 
what grades and forms are made, and how it 
can help you fight corrosion all the way in 
your plant. 


Get your copy of HAVEG Bulletin F-6 now. 
It is a helpful, technical manual that belongs 
in every chemical engineer's reference library. 
Write now, for corrosion is always at its de- 
structive work. HAVEG can help you! 


HAVEG CORPORATION. 


FACTORY + MARSHALLTON, DELAWARE TEL. WILMINGTON 


CLEVELAND 14 CHICAGO 11 
550 Leader Bidg. 
Cherry 1.7297 


FIGHT CORROSION ALL THE WAY 
with HAVEG pipes, pucts, VALVES 


What makes good chemical piping? Strength. Dur- 
ability. Light Weight. Resistance to Corrosion and 
Thermal Shock. 

Think how HAVEG piping combines all of these 
desired qualities: It takes rapid temperature 
changes and can be used continuously up to 265° F. 
It resists corrosion of practically all acids (except 
oxidizing acids) and lasts for years without re- 
Pairs or maintenance. The specific gravity of 
HAVEG is L6 and it is a material readily molded 
into countless strong shapes and forms. You must 
fight corrosion all the way, so do it with HAVEG 
which is not a coating or a lining. Call in your 
HAVEG sales engineer . have him show you 
installation photos, the wide variety of molds 
stocked at the Marshallton plant. HAVEG pro- 
duction has recently been increased .. . deliveries 
are much improved. 


NEWARK 99, DELAWARE 


HARTFORD 
86 Farmington 
Harttord 6-4 
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Conkey Flat Plate 
Evaporators 


| ‘Completely self-cleaning during operation 
_ __& Wo down time! No scale removal costs! 


Take a leaf from the flow sheets of another 
industry. For years evaporation of spent sulphite 
pulp cooking liquors in sulphite pulp manufacture 
was considered highly impractical because a 
gypsum coating developed on heating surfaces. 
But today—it can be a continuous, full capacity 
self-cleaning operation through use of Conkey 
Evaporators and Rosenblad Channel Switching 
System. 


The advantages of the Rosenblad Channel 
Switching System have been thoroughly proven 
both in this country and abroad. Heating 
surfaces, interconnecting pipe and pump systems 
are completely cleaned during normal operation! 
It’s especially effective wherever lime salts 

scale evaporators. 


Conkey equipment adapts itself well to channel 
switching for self-cleaning operation while 
providing all the other advantages of multiple 
effect evaporation: forced circulation . . . 
falling film . . . recompression . . . thermal 
compression . . . high vacuum and other 
specialized benefits where required. 


*Potents Applied For 


Conkey 4-Body Triple Effect Flat 


PROCESS EQUIPMENT 
Plate Heating Surface Evaporator 


DIV/SION 


PROCESS EQUIPMENT DIVISION 


Sales Offices: 10 East 49th Street, New York 17, New York sheet for you. 
General Offices: 135 South LaSalle Street, Chicago 90, Illinois 


Sole licensee in the U.S. A. for the Other General American Equipment: Turbo- 
A. B. Rosenblods Potenter Evaporator Switching System. Mixers, Filters, Dewaterers, Dryers, Towers, 


OFFICES IN ALL PRINCIPAL CITIES Tanks, Bins, Pressure Vessels. 
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TUFCLAD 


SOLID CHEMICAL PORCELAIN 
ARMORED WITH FIBERGLASS- 
REINFORCED PLASTIC 


Now there's mechanical security to go with the 
chemical purity and corrosion-resistance of solid 
Lapp Chemical Porcelain. TUFCLAD armor is 
the answer—multiple layers of strong Fiberglass 
fabric impregnated and bonded to the body with 


an Epoxide resin of high strength and chemical 


resistance. It serves as an insulator against ther- 


and Angle Valves (in sixes to 6”), safety valves, Guth valves, mal shock—a cushion to accidental impact. And 
4, are available in Lapp sulid porcelain with TUFCLAD ermer. 


it is itself toxgh and strong, able to hold operating 
(te 8”) and o variety of special shapes. 


pressures against gross leakage even if porcelain 
is cracked or broken. Provide this protection to 
your personnel, equipment and product. 

WRITE for description and specifications. 


Lapp Insulator Co., Inc., Process Equipment 


Division, 513 Maple St., Le Roy, N. Y. 


PROCESS EQUIPMENT 


CHEMICAL PORCELAIN. VALVES pipe RASCHIG RINGS 
PULSAFEEDER CHEMICAL PROPORTIONING PUMPS 
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sectional hairpin 
heat exchangers 


@ Brown Fintube’s interchangeability of parts, exacting design 
and precision manufacture has “licked” obsolescence. 


The sections can be used in one bank after another — on different 
duties — and different products. A bank can even be broken up and the 
sections shipped to two or more plants, miles apart, re-assembled and 
reused. Sections not in use serve as, “stores” for other sections on 
stream. They are never obsoleted by changes in duty or plant re-arrange- 
ments. You can use and reuse them until they are completely worn out. 
Estimates and quotations furnished promptly. Write for Bulletin No. 521. 


Sectional Hairpin Heat Exchangers 
Tank Suction and Line Heaters 


THE BROWN FINTUBE CO Fintube Heaters for Bulk Storage Tanks 
© indirect Process Air Heaters 
Fintube Heaters for Processing Tanks 
Elyuia, Integral Welded Fintubes for Any Heating, 


Cooling or Heat Transfer Service 


NEW YORK * BOSTON © PHILADELPHIA * WILMINGTON ® PITTSBURGH * BUFFALO * CLEVELAND © CINCINNATI * DETROIT * CHICAGO 
ST. PAUL © ST. LOUIS * MEMPHIS * BIRMINGHAM * NEW ORLEANS * TULSA * HOUSTON © LOS ANGELES * SAN FRANCISCO 
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to the processing industries 


You can now have 


TRANSFER MOLDED 


SARAN LINED 


BODIES 
for HILLS-MSCANNA écunders patent 


Diaphragm Valves 


To meet the processing industry's need for a corrosion 
resistant valve that makes effective and satisfactory use 
of the characteristics of Saran, Hills-McCanna now offers 
Saunders Patent valves with transfer molded Saran 
lined bodies. Saran linings applied in this manner pro- 
vide new high standards of serviceability and life that 
were previously unavailable. 

Hills-McCanna Saran lined valves of this type are 
available in sizes from 1 inch through 6 inches with 
flanged bodies only. Screwed end solid Saran bodies 
are available in sizes from ¥ inch through 2 inches. All 
sizes, screwed end or flanged may be equipped with 
Saran Rubber diaphragms or diaphragms of any of 15 
other materials. We will be pleased to send further 
information on request. HILLS-McCANNA CO., 2438 
W. Nelson Ave., Chicago 18, Illinois. 


HILLS-MCCANNA 
saunders patent diaphragm values 


ALSO MANUFACTURERS OF CHEMICAL PROPORTIONING PUMPS + FORCE FEED LUBRICATORS + MAGNESIUM ALLOY SAND CASTINGS 
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Experimental Calciner, Determines the Pre- 
ferred Operating Conditions Preliminary to 
Building Full Size Plant Equipment. 


Two Complete Drying Systems, Can Be 
Operated Together—or Singly—to Meet 
Varying Plant Requirements. 


in standard and special designs 


@ Bartlett-Snow standard batch dryers, 6 ft., 8 ft. and 10 ft. in 
diameter, capable of holding charges of about 1200, 3000 and 6000 Ibs. 
respectively, have steam jacketed sides and bottom, and are equipped with 
a sweep that both agitates the material to prevent overheating, and dis- 
charges the material through a door after it has been dried. The “Special” 
unit pictured above features dustless discharge to a screw conveyor and 
an exhaust vapor condenser that reclaims the fines. Other “Specials”, 
of stainless steel or alloy construction, have dished bottoms, remote 
controlled plug type bottom discharge doors and many other ingenious 
devices that meet the needs of drying catalysts, pharmaceuticals and 
other exacting services. Let us work with you on your next batch or 
continuous drying problem. 
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- SNO ERECToRS 

Dryers + Coolers Caleiners Kilns 
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THE 


is being used more and as in plasticizers for vinyls, cellulosics and syn- 
out difficult oxida- c rubbers, can be ex to expand as costs come 
it used in the manufacture of dan. The markets in alkyds and plasticizers have been 
Industries, Inc., of Cincinnati will .Agtoved in the years Emery has operated its chromic 
ic aci oxidation plant. Only limited availability and rela- 


szone to oxidize oleic acid. 

Beery has just been given the green ligh i tively high price have curbed expansion in these fields. 
108 PS million Now it-will be possible to get the low-temperature 

world's largest single installation rformance of many esters of azelaic acid even in 


ozone. The ozone will be used in relatively low-cost plastic materials. 
to growing use of azelaic 


ult of joint research by Emery Emery’s research points 
| for polyamides of the nylon 


x with ezone 


govern 
plant. It will be 
for the production 


a new process, the 
and Weisbach Corpaof Philadelphia, for oxidation of acid as a raw materia 
oleic acid. type. In polyamides, azelaic promises superior water 
propucts— Tis new plant will greatly increase resistance. 
ids, the two Pelargonic acid already has important uses that will 
market at lower cost. 


the oxidation of oleic acid. grow as more of it comes on the 
i For example, more pelargonic will be used in flotation 
_where it’s highly efficient but has been too costly 


efficiency 
A these acids will be produced, up to now. 
i Another possibility is increased use of pelargonic 
nd fine chemicals. Actually, the 


Emery is now the sole 
Now, because of t 


to the cheapest higher dibasic acid acid in perfumes @ 
on the market today. Likigwi ic aci be name “‘pelargonic” comes from a botanical term asso- 
the cheapest monobasic al i 

ApvaNTAcES—In 


ciency, the new ozone 
It eliminates the corrosion gproblem encountered ip production 
jation. It gives higher ozone process, comes from animal fats and tallows 
These are available in the U. S., and are currently in 


the present chromic acid © 

yields of purer ucts. It’symore versatile. In fact, 
unit will be able to surplus supply. 

id. one of the products, is sebacic acid, 


it’s expected that Emery’s 0 
use a broader selection of raw Waterials; this will mean _ part of azelaic acid, 
a greater variety of end produgts, especially as other which is derived from castor oil, an imported raw 
uses of this unique oxidation prgcess are developed. material. 
i propuction—Emery’s new plant is expected to 
By mid-1953 


manrxeTs—Interest in this development 1's 
heightened by current investigations in the use of be in operation within less than a year. 
dibasic acids and their esters in synthetic lubricants for it will certainly be turning out azelaic and 
military and civi ts may consume acids by the new ozone process. 
much of the outpu 

Meantime, the use © 


pelargonic 


ACH CORPORATION 


ONE PROCESSES DIVISION 


1500 Welnet Street Philedeiphie 2, Pe. 


in..Continuing ‘Ozone: Research | 
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REPUBLIC 


INSTRUMENTS 
AND CONTROLS 


Do You Know About 
ALL of the 


REPUBLIC Line? 


Check the Republic line of measurement and control equipment listed 
below. You'll find instruments and controls to meet your needs— 
whether for a simple control or an automatic control system. And 
teamed with this equipment is an experienced engineering staff which 
can give you the right answer to your measurement and control problems. 


ELECTRICAL FLOW METERS. For metering the flow of 
steam, water, gas, air, oil, brine, , ete. The reading instru- 
ments, indicator, and i tor, are remote read- 
ing and can be rane te or in ‘any combination 
desired. Integration is continuous, an exclusive 
Republic feature. 


PNEUMATIC TRANSMITTERS. For converting process 
variables such as flow, liquid level, pressure, or liquid 
density into air pressures which vary proportionally with 
the process variables. These air pressures can be used 
as a measuring impulse for the actuation of an automatic 
controller or a direct reading recorder. 


CO, METERS. Provide a continuous record of per- 
cent CO, in flue gas measured by the Orsat method. 
Furnished with either mechanical or electrically actuated 
remote reading indicator and recorder. 


DRAFT INSTRUMENTS. Indicating or recording types 
in single or multiple units. Furnished in all standard 
ranges of draft and pressure. 


THERMOMETERS. A long distance, gas filled ther- 
mometer with either single or multiple pen recorder. 


LIQUID LEVEL INSTRUMENTS. Remote reading indi- 
cators and recorders. Also provided with various types 
of alarm devices. 


MULTI-POINT INDICATORS. Will indicate, on separate 


vertical scales from two to sixteen units of draft, pressure, 
flow, temperature, CO,, etc., in any combination desired. 


MULTIPLE RECORDERS. Strip Chart Type will record 
from three to six separate records of flow, temperature, 
CO,, pressure, etc., in any combination desired. Round 
Chart Type can have up to 4 pens. 


REGULATORS. For the automatic control of pressure, 
draft, rate of flow, rate of fuel feed, speed of rotation, 
liquid level, etc. For proportioning two pressures or 
flows. Regulators may be either air or oil operated. Flexi- 
bility in design and construction allows the regulator 
to perform any type of control action. Setting may be 
remote or manual. 


AUXILIARY RELAYS. Multiplying, dividing, adding 
subtracting, maximum and minimum setting, ratio, ratio 
computing, sequential, splitter, squaring, square root 
extracting, and position indicating. 


COMBUSTION CONTROLS. A centralized, automatic 
system for controlling steam pressure, combustion, fur- 
nace p boiler level, etc. Auto- 
matically regulates the fuel and air input to a boiler in 
measured proportions and in a fixed ratio for the entire 
load range. Adaptable to multi-fuel firing. 


DESUPERHEATERS. Atomizing type desuperheater uses 
a small quantity of high pressure steam to vaporize an 
automatically controlled amount of water in reducing steam 
temperature to the desired degree. 


VALVES — REGULATING AND PRESSURE 
Designed and built for all 
with either flanged or welded ends. Special bode design 
sharply reduces erosion and noise. Cylinder operated 
valves available in sizes from 3 in. to 24 in. Hand oper- 
ated valves in sizes from 1 in. to 8 in. Lever operated 
valves in sizes up to 16 in. Republic valves are built in 
accordance with A.S.A. Standards for all pressures up to 
2500 psi. Diaphragm operated valves are available for 
pressures from 125 to 1500 psi and from 3 in. to 10 in. in 
size. Special purpose alloy steel butterfly valves in sizes 
4 in. to 24 in. are also available. 


Data Books are available on any of the above equipment 


REPUBLIC FLOW METERS CO. 


2240 Diversey Parkway ¢ Chicago 47, Illinois 
BRANCH OFFICES: Atlanta + . . 

lis + Kansas City, Mo. + Los Angeles + lis 
Richmond + St. lovis + Salt Leke City + Sen Francisce Seattle + Syracuse Shreveport + Tulsa + Vancouver, 8. C. 
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Mr. Tubes—your neorby BAW Tube Rep- 
resentative—will be happy to provide 
additional information and to discuss ony 
specific tubing problem with you 


Engit.--cing data on stainless steel tub- 
ing .. . prepared by engineers for engi- 
neers... pours out of Babcock & Wilcox 
headquarters in an endless stream of 
technical literature and other communi- 
cations, to keep designers, stainless 
fabricators and process engineers well- 
informed about latest stainless tubing 
developments and applications, and to 
provide an interchange of field experi- 
ence among stainless tube users. 
Important findings of metallurgists 
and application engineers, of chemists 
and other specialists concerned with 
corrosion resistance, fabrication and 


published in ready-reference form as fast 
as data can be reviewed and verified. 

B&W offers a most comprehensive 
file of information on stainless tubing, 
both seamless and welded. The technical 
help this literature offers is exceeded 
only by the personal assistance on spe- 
cific tubing problems you may expect 
from B&W field representatives. 

If you want stainless tubing facts 
where you can find them—tips to help 
you speedily solve tubing problems and 
to suggest ideas for greater stainless 
tubing service satisfaction—send for 
B&W bulletins you may select from this 


special tubing needs are condensed and partial list of current data. 


YOURS FOR THE ASKING 


Properties and Methods of Working Seamless (€ TOC-132 B&W Stainless Pipe and Tubing—Croloy 18- 
and Welded Tubes and Pipe of the B&W Stain- 8Cb (Typo 347) 


less Croloys 
B&W Stoiniess Pipe and Tubing—Croloy 16-13-3 
D 8-11 Specifi for $ and Welded Tubular (Type 316) 


Products—Steiniens, Alloy end Corbon Steels B&W Stoiniess Pipe ond Tubing—Croley 25-20 
(Type 310) 


Pipe, Seomtecs | end Welded—Carbon, 
Alloy and Stain! i Weights, 


B&W Stainless Pipe and Tubing, Croloy 12 Al 
(Type 405), Croloy 18 (Type 430), Croloy 27 
(Type 446) 


B&W Stainless Tubing, Croloy 12 (Type 410) 
12-2 (Type 414) 


Condensed Data on Working Seomiess or 


Welded Tubing and Pipe—B&W Croloy Stain- 
less Steels 


B&W Stainless Steel Tubing for the Food Proc- 
essing Industry 


How to Keep Down Maintenance Costs in Pulp 
and Paper Mills—B&W Tubing ond Pipe Stoin- 
less, Alloy and Carbon Stee! 


8-1 


Toc-133 


Toc-134 
Weight Tables, Round Seamless and Welded 
Steel Tubing ©) Toc-138 


B&W Stainless Croloy Tubing Steels—Seamless 
ond Welded, Condensed Technical Date 


8-15 


18.332 r0¢-140 


18-335 


B&W Stainless Pipe, Seamless or Welded 


Descriptive Terms, Steel Tubing, B&W Seamless 
and Welded Tubes 

Applications of B&W Tubular Products—Stain- 
less, Alloy and Carbon Steel, Seamless and 
Welded 


(C0 TR-S06 = Properties ond Characteristics of 27% Chromi- 
um-lron 


TR-516 
0) 


Toc-143 
0 
Toc.148 


Ta-1517 
Some Experiences in Service 
B&W Stainless Pipe and Tubing—Croloy 18-8S 


(Type 304) 
CLIP AND RETURN 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 
Beaver Falls, Pennsylvania Cc 


(0 Please send me the B&W bulletins | have checked. 


( Please add my name to your mailing list to receive 
new bulletins when available. 


© 18-328 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


General Offices & Plants 
Beover Falls, Po. —Seamiess Tubing; Welded Stoiniess Steel Tubing 
Allionce, Ohio—Weilded Carbon Stee! Tubing 
Soles Offices. Beaver Folls, Po. * Boston 16, Moss. * Chicago 3, 
i. * Cleveland 14, Ohio * Denver 1, Colo. * Detroit 26, Mich. 
* Houston 19, Texes * Los Angeles 17, Col. * New York 16, 
N.Y. * Philodeiphic 2, Pa. * St. Lovis |, Mo. * San Francisco 
3, Col. * Syracuse 2, N. Y. * Toronto, Ontorio * Tulse 3, Oklo. 
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20,000 barrels per day of Alberta Crude oil are 
processed in the units of Canadian Oil Refineries’ 
Sarnia, Ontario, plant on the St. Clair River 


HIGH OCTANE 


ror Canada 


Crude Distillation Unit 


STONE & WEBSTER ENGINEERING CORPORATION 


The design and construction of 
the new Sarnia refinery of Canadian Oil 
Refineries Limited were managed by Stone & 
Webster Canada Limited utilizing the facilities 
of Stone & Webster Engineering Corporation. 
It is the first fully integrated refinery in Canada 
entirely employing the latest processes for 
producing maximum yields of high octane 
gasoline. The project includes special 
equipment to prevent pollution of 
the river. 


Catalytic Cracking Unit 


A fiiliated with 
STONE & WEBSTER CANADA LIMITED 
E. B. BADGER & SONS (Great Britain) LTD. 
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The Annin DOMOTOR operator offers unmatched 
power, stability and accuracy of valve positioning. The 
advantages of single seat valve construction now are 
made possible for applications where corrosive and 
erosive liquids must be accurately controlled under ex- 
tremes of temperature and pressure (From—325°F to 
1000°F, and to 6500 psi). 

Annin DOMOTOR Valves are noted for their superior 


Control valves! 


Chemical Engineering Progress 


the most powerful* 
NEW IDEA for 


DOMOTOR operator is 


the key to all these advantages; 


« Single Seat Construction 
.001” Positioning Accuracy 

e Faster Response 

e Unmatched Simplicity 

e Lighter, more compact design 


plus=— 
e Greater interchangeability 
« Inventories reduced 50% to 75% 
e In-line, lower maintenance 
« Low first cost! 


The DOMOTOR Controls Forces to 2 TONS with Hairline Accuracy— 
Opens new fields of application for modern instrumentation 


performance and their many cost-reducing features, 
but less known is the fact that they cost no more than 
ordinary valves—and often cost less! 

Whether you want to solve a knotty instrumentation 
problem, reduce operating costs, or improve perform- 
ance, write and give details. Annin engineers will be 
glad to make a recommendation. Annin General Cata- 
log 1500B gives the full story. Write for it today. 
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closer 
mperature approaches 


FLUID B 
(X+7°)F 


WITH Big BRAZED ALUMINUM SURFACE 


Now . . . even with a large temperature change or dro 
. . you can obtain temperature approaches of 5° to 10° F. 
TRANE Brazed Aluminum heat exchange surface 
makes it not only possible—but practical! That’s because 
the new TRANE Brazed Aluminum packs up to 450 
square feet of surface into a single oalie foot of space. 
This huge amount of surface in a single unit makes 
maximum use of available pressure drop. And you don’t 


TRANE Brazed Aluminum can handle heat transfer 
between three, four, five or more streams simultaneously 
—liquid to liquid, liquid to gas, or gas to gas. Tempera- 
tures from 500° F. to -300° F. Tested at pressures up 
to 1000 Psig. 


Want more information? Contact your nearest TRANE sales 


lose pressure through connections. office, or write The TRANE Company, LaCrosse, Wis. 


WHAT IS BRAZED ALUMINUM? A stack of flat plates and 
corrugated fins in layers, all brazed in perfect bond. 
Strong, light, compact and completely flexible. Illustration 
below shows strong fillet formed between fin and plate. 


THE TRANE COMPANY, LA CROSSE, WIS. 

Eastern Mfg. Division, Scranton, Po. — 

MANUFACTURING ENGINEERS OF HEATING, VENTILATING, 
AIR CONDITIONING AND HEAT TRANSFER EQUIPMENT Offices in 80 U.S. and 14 Canadian 
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“CREATIVE 


DRYING 


“ENGINEERING 


KNOW THE 
RESULTS 


before you buy! 


Other General American 
Equipment: 


Extremely high thermal efficiency 
is just one of the basic engineering 
advantages of Louisville steam tube 
Dryers. Any danger of case harden- 
ing is eliminated. Because of a very 
low air flow, finely divided material 
lost from the dryer cylinder is rela- 
tively small even though dryer may 
be handling unusually dusty mate- 
rial. Arrangements are included in 
each Louisville Dryer for complete 
and continuous removal of con- 
densed steam ...a unique steam 


LOUISVILLE ROTARY DRYERS 


utilize 85% of all 
available heat in steam! 


« 
' 


joint eliminates all thrust bearings. 

Louisville Dryers are safe, auto- 
matic and economical. They require 
a minimum of labor, supervision and 
maintenance ... and are carefully 
built for years of dependable service. 

Write for new tregtise on rotary 
dryers. Or call in a Louisville engi- 
neer. Have him look over your dry- 
ing operation. Possibly a “‘predeter- 
mined”, job-fitted Louisville Dryer 
can turn a losing operation into a 
profit maker. 


Louisville Drying Machinery Unit 


Over 50 years of creative drying engineering 
GENERAL AMERICAN TRANSPORTATION CORPORATION 
Dryer Sales Office: 139 So. Fourth Street, Louisville 2, Kentucky 
General Offices: 135 South La Salle Street, Chicago 90, Ilinois 
Offices in = principal cities 
In Canada: Canadian L Company -» Kingston, Ontario 


ty 


Turbo-Mixers, Evaporators, 
Dewaterers, Towers, Tanks, Bins, 
Filters, Pressure Vessels 
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(Top) Moss Landing, California 
steam plant of the Pacific Gas and 
Electric Company, designed by Stone 
and Webster Engineering Corpora- 
tion, under the supervision of the 
P. G. and E. Engineering Dept. 


(Right) Skilled applicators of an 
outstanding J-M Insulation Contrac- 
tor, Western Asbestos Company of 
San Francisco, applying J-M 85% 
Magnesia to pipelines during con- 
struction of the Moss Landing plant. 


P. G. and E. INSULATES WITH SUPEREX-85% MAGNESIA 


TO LOWER POWER PRODUCTION COSTS 


When Pacific Gas and Electric Com- 
pany invested $80,000,000 in its new 
771,000-horsepower electric generating 
giant at Moss Landing, California...the 
insulation, like all other materials, had 
to meet rigid specifications. For this im- 
portant project, Johns-Manville Superex- 
85% Magnesia double-layer insulation 
was used on superheated steam pipes. 


is unharmed by expansion encountered 
in pipes carrying superheated steam. 

J-M 85% Magnesia is the leading in- 
sulation for temperatures to GOOF. It 
will not distort regardless of its length 
of service. It fits snug, stays tight. Heat 
savings, therefore, remain constant for 
the life of the equipment on which it 
is applied. 

Whatever the insulation—it must be 
properly engineered and installed to 
pay maximum dividends. That's why 
Johns-Manville offers industry the serv- 
ices of experienced J-M Insulation Engi- 
neers and J-M Insulation Contractors. 
These men stand ready to combine their 
talents and give you an insulation job 
that will more than pay off your initial 
investment with maximum fuel savings. 

For further information, write Johns- 


Superex Combination Insulation con- 
sists of Superex*, a J-M insulation for 
temperatures to L900F, and J-M 85% 
Magnesia. It was installed at the Moss 
Landing plant for maximum thermal 
efficiency and long trouble-free service. 
This doubie-layer construction, proved 
in over a quarter-century of outstanding 
on-the-job performance, utilizes the 
higher heat resistance of Superex next 


Double - “850% Me i 
to the hot surface—the greater insula- 


Insulation was used on superheated pip- 


tion value of J-M 85° Magnesia for the 
outer layer. It eliminates through joints, 
protects the jacket against scorching and 


Manville, Box 60, New York 1 
16, N. Y. In Canada, 199 Bay 
Street, Toronto 1, Ontario. LY] 


ing at the P.G. and E. Moss Landing plant. 


*Reg. U.S. Pat. Off 


Johns-Manville First 1n INSULATION 


MATERIALS - 
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FOSTER WHEELER 
DOWTHERM HEATED PROCESS SYSTEMS 


designed, fabricated and erected 
under one responsibility and 
with one overall guarantee 


When making on installation of o 
Dowtherm heated process system in 

your plant, it is essential thet all heat- 

ing equipment and interconnecting 

piping, os, well os the Dowtherm va- 

porizer, be properly designed: ond 

furnished by manufocturer with suf- 

ficient background in this type of work 

to know the special problems involved. r 
in 1932 Foster Wheeler Corporotion, 
builders of heat exchangers and direct 
fired boilers and heaters for the pas? ’ : 
50 years, was the first manufacturer 
to design, engineer, and construct ¢ : 
complate Gowtherm heated proces , 
system, Since thot time, Foster Wheeler 
has installed more than 300 vapor : 
generators and—in most cases—has 
supplied ‘ond engineered the entire 
systems. Some of these installations in- 
dude Dowtherm vaporizers with ca- 
 pecities up to 35,000,000 btu. 
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NO! PLEASE! 
NOT MORE 


point to “Eveready” No. 1050 In- 
dustrial Flashlight Batteries de- 
livering twice as much usable light 
as any battery we've ever made 
before. Their unique construction 
prevents swelling or jamming in the 
case has no metal can to leak or 
corrode 


The terma “Karbote” and “Brercadw” are reaiatered 

trade marks of Union Carbide and Carben Corporation 

NATIONAL CARBON COMPANY 

A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 


District Sales Offers; Atlanta, Chicago, Dallas, Kansas City 
New York, Pittsburgh, San Francis 


IN CANADA: National Carbon Limited, Montreal, Toronto, Winnipes 


OTHER NATIONAL CARBON PRODUCTS 


SERIES 310A 


BRAND 


Standard 
HEAT EXCHANGERS 


EATURING Jower cost per unit area of heat transfer surface, 

National Carbon’s new Series 310A “Karbate” Shell-and-Tube 
Heat Exchanger replaces the well known Series 240A Exchanger. 
Retaining all the time-proved advantages of its predecessor, this 
exchanger also provides new design improvements ... products of 
many years’ experience in the application of impervious graphite 
to heat transfer equipment. 

Another new model, Series 90A, replaces the previous Series 
70A to provide increased capacity and several new and improved 
features of construction. 


NO OTHER DESIGN OFFERS ALL THESE ADVANTAGES 


® Lower cost per unit area 

@ Interchangeable single- and multi-pass construction 

®@ Low tube and shell side pressure drop 

®@ Easy tube replacement 

® Factory stock for quick shipment 

® Separate and removable “Karbate” impervious graphite fixed and 
floating end covers 

® Rugged Type SN cover connections 

®@ Oversize shell connections—built-in vapor belt and impingement 
plates 

® Removable “Karbate” impervious graphite tube bundle with 
stainless steel baffles 

® Asbestos composition, “Neoprene”, or “Teflon” gaskets 

NO OTHER MATERIAL COMBINES ALL THESE PROPERTIES 
® Chemical resistance to practically all corrosive fluids 
® High rates of heat transfer (three times that of carbon steel) 


®@ Immunity to thermal shock 
Low maintenance 


Write for New Catalog Section S-6740 


HEAT EXCHANGERS + PUMPS + VALVES ". PIPING + TOWERS + TOWER PACKING + BUBBLE CAPS - 
BRICK + STRUCTURAL CARBON + SULPHURIC ACID CUTTERS + HYDROCHLORIC ACID ABSORBERS 
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gage [ast month in the city of Chicago the engineers of 
Game this nation, and of others, gathered for two solid 
weeks of oratory. ‘The occasion was the recognition of 


the one-hundredth anniversary of the founding of the 
American Society of Civil Engineers, the celebration of 
an event which, while not the beginning of engineering on 
this continent, was the first stirrings of one class of men 
toward the formalizing of an infant profession .. . How 
well the idea succeeded can be judged by the fact that the 
civil engineers were joined in devotion to their particular 
calling by some sixty professional societies representing a 
membership of 330,000. More than 290 separate technical 
sessions were held during the Centennial of Engineering 
and 1,000 papers were read on every conceivable topic, 
by every conceivable type of engineer. 

Before this gathering of the clans, engineering may have 
been assumed to consist only of many and varied special- 
ties. In a sense this is true, and while the specialties and 
specialists do exist, the Centennial forcefully brought 
home evidence that engineering is a single profession, and 
the unparalleled developments of the past century are not 
the particular developments of one group. The praise 
and the credit go to a profession, to a way of thinking, 
and to accomplishments that have completely altered 
man’s way of life . . . if not his thinking. For truly this 
has been a century of engineering progress, not only in 
America, by Americans, but also the world over, wrought 
by kindred minds in kindred callings. And many were 
the representatives from other nations who joined in the 
observance. 

The divisiveness of engineering—abetted by separate 
meetings and organizations—was minimized by the Cen- 
tennial program. Engineering accomplishment was a 
whole, a unit; no one group could claim it for its own. 
Man’s struggle against nature, against want, against 
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ignorance, and superstition, against the slow tenacious 
grip of complacency was, in a quiet, unassuming wa) 
dramatized. And the engineers applied the engineering 
tool of measurement for the dramatization. Statistics ot 
man-hours, of horsepower, of tonnage, percentums of im 
provement, concentrations of energy, kilowatts, and all 
the varied word pictures of the engineering mind, rolled 
out and over the attentive audiences. [-ngineering may 
sometimes doubt its qualifications as a profession—but 
none could doubt that it is a way of thinking. Stamped 
out as graduates from educational programs of similar 
quality and content, the engineers in a hundred years of 
growth proved that varied results, products, and solutions 
tu problems could come from similar training. As long 
as a man’s mind was free, he would invent and produce 
the things that mankind needed—the varied, the good 
and the lasting. 

Quite unconsciously the picture the engineers gave of 
themselves during the Centennial was of unassuming 
men, full of intensive vet noiseless drive, intelligence, and 
capability. If in the future, as in the past, others should 
cuestion their worth, their purpose, their philosophy or 
their place in the scheme of things, the only possible 
answer for the “Sons of Martha” is to point to the en 
gineering wonders of the world of today 

From such a mass of papers, talks, speeches and dis- 
cussion, a news story of the meeting, reported fully and 
faithfully, became impossible. Rather than attempt that, 
the editor has abstracted from the talks some of the 
cogent remarks. These excerpts begin on page 40 of the 
News section 

We like them, and think they express the spirit and 
accomplishments of engineering. We have given headings 
to sections with the thought that this method of reporting 
would preserve the original and be an inducement for 
our readers to make this a frequent reference 
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in handling. But, add even a trace of 

water and you have real corrosion 
problems. Problems that can cause costly 
damage, result in time consuming shut-downs, 
or constitute a serious personnel hazard. Wet 
chlorine must be controlled —can be con- 
trolled — easily and economically — through 
the proper use of the versatile TYGON 
family of plastic compounds. 
Basically, the TYGON family consists of a 
series of skillfully modified and compounded 
vinyl resins in various physical forms: calen- 
dered or press-polished sheets; extruded tub- 
ing, channel or solid cord; molded goods; 
and coatings. Each form is especially suited 
to a particular application. Each has its use 
restrictions. However, all exhibit unusual 
general chemical resistance and desirable 
physical properties. All display outstanding 
resistance to chlorine under a wide range 
of conditions. 
As a calendered or planished sheet, TYGON 
is generally used as a material of construc- 
tion. In this form, it is resistant to all con- 
centrations of chlorine at temperatures as 
high as 165°-175° F. When subject only to 
chlorine fumes, service temperatures can be 
raised to 2‘) F. Prolonged exposure to 
mixtures of chlorine and other chemicals, 
particularly solvents, is not advised without 
approval of U. S. Stoneware engineers. 
Major use of TYGON sheets is in the lining 
or covering of tanks, vats, drums, hoppers, 
bins, blowers, impellers, fume hood and fume 
ducts. Considerable quantities are also die-cut 
into gaskets, washers and diaphragms for use 
as positive, durable seals, or separators, in 
all types of process equipment. 
As extruded tubing, cord, or channel, 
TYGON resists chlorine in all concentra- 
tions within temperatures up to 200° F. 
Lengthy service with mixtures of chlorine 
and solvents is not recommended without 
qualified advice. 
In extruded form, TYGON’s main use is as 
a medium of transmission. TYGON Tubing 
has assumed a prominent position in both 
the laboratory and the plant. Its glass-like 
clarity, mirror-smooth surfaces, full flexibil- 
ity, light weight, high strength, and long life 
make TYGON ideal for the smallest labora- 
tory use or the toughest plant piping job. In 
the larger sizes, up to 2" ID, TYGON Tub- 
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ing has proved its worth in such uses as 
conveying chlorine from electrolytic cells to 
collecting heads, as permanent or temporary 
lines between pressure cylinders and mixing 
tanks, as inlet and outlet ports on pumps 
and filters, as syphon hoses, as line desurgers, 
and as flexible connections. For use at con- 
stant pressures of 40-250 psi, and at elevated 
temperatures, braided jacket reinforcement is 
available and suggested. 


As molded goods, TYGON has a wide scope 
of application and, in general, exhibits the 
same resistance to chlorine as the extruded 
form. Specific pressure and temperature limits 
will depend on the size and design of the 
piece, but usually are greater than those for 
the other forms. 


Typical uses of molded TYGON include 
gaskets, grommets, washers, stoppers, clos- 
ures, handles, bumpers and special fittings. 
Where desired, molded TYGON can be rein- 
forced with glass fibers for added strength. 


As a coating, TYGON takes the forms of a 
solvent type paint and a plastisol (TYGO- 
FLEX). Both forms are resistant to the 
fumes and spillage of chlorine and its solu- 
tions in any concentration and at tempera- 
tures up to 200° F. for the paint and 250° F. 
for the plastisol. Naturally, care in application 
is important and special consideration should 
be given to the limits of a thin film. 


When used as a paint, TYGON affords ex- 
cellent protection to all types of equipment, 
to structural steel, to walls, and to ceilings. 
For mild environments, a primer and no less 
than two finish coats should be used. For 
severe exposures, a minimum of five coats 
over the primer is advised. 
For a heavier duty coating, TYGOFLEX 
can be applied by spraying on het metal 
and, then, fusing with heat. TYGOFLEX is 
also used to cast or “slush” mold flexible 
rts and fittings and to cover intricate shapes 
by dipping. 
In any of its forms, TYGON provides low 
cost protection and a high degree of safety in 
the handling of chlorine and many other 
chemicals including acids, alkalies, oils, and 
greases. The different forms available and 
the range of mechanical, physical, and chem- 
ical properties they exhibit, permit the proper 
use of TYGON in many applications and 
under a wide variety of conditions. 


In addition to TYGON in its various forms, we also manufacture a number of other 
materials capable of handling chlorine in any concentration and under all types of 
Operating conditions. These products include chemical stoneware and porcelain, acid 
proof brick and cements, and other organic linings and coatings. 


Why don't you submit your corrosion problem, today? There's no obligation and we'll 
be pleased to be of assistance. So write, now! 296 


THE UNITED STATES STONEWARE CO., Akron 9, Ohio 
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WENTY-EIGHT years ago when 
| made my first contacts with the 
chemical industry, salesmanship was 


the prime requisite. In fact, technically 


trained men were usually considered 


temperamentally  unfitted for sales 
work, and | know that my superiors in 
the old Kalbfleisch Corp. had grave 


misgivings about turning me loose as 
a salesman. However, it was becoming 
apparent that the introduction of 
chemicals to industry 
handled adequately by “pure salesman- 
ship” Customers were thinking 
more about cost per unit of their pro- 
duct than price per pound of ours and, 
in addition, were becoming allergic to 
trying out everything new in the hope 
of finding some solution to their prob- 
lems. In other words, they had to be 
shown. 

There is no intention to depreciate the 
efforts of the pioneers in chemical sell- 
ing. They did a magnificent job and 
many of them became technically expert. 
Nevertheless, the growth and increasing 
complexity of the business necessitated 
technically trained chemical salesmen, 
men thoroughly familiar not only with 
their own products, but also with their 
customers’ manufacturing 
trade customs, and products. 


new 
could not be 


alone 


methods, 
Further- 
more, these chemical salesmen required 
the advice of other technical men, spe- 


OPPORTUNITY FOR CHEMICAL ENGINEERS 


cialists in some phase of the imtricate 
business of chemical marketing 
Modern industry, therefore, in addi- 
tion to the traditional jobs in produc- 
tion, design, or pilot plant, offers oppor- 
tunities for chemical engineers in sales— 
field service, application research labora- 
tories, application laboratories, packag- 
ing, market research, new product de- 
velopment, advertising, technical 
Eterature, and the patent department 
rhis list may not fit all organizations 
In some, two or more functions may be 
handled by the same group; in others 
there are further subdivisions. In any 
event, all are necessary and have one 
requisite in common—technically trained 
staffs conversant with their employers’ 
products and their customers’ practices. 
The application research laboratories 
are, in this author's opinion, the best 
place in which to trajn men for almost 
any niche in the categories which are 
enumerated above. These laboratories 
are concerned with the problem of turn- 
ing fundamental research into profit. 
“What is it good for,” and “How is it 
used,” are the questions asked about 
a new material. The evaluation must 
be made by experts—not amateurs—and 
it is in these laboratories that the knowl- 
edge of both the chemical producers’ 
problems and the consumers’ techniques 
and needs is available. Since the 


sales 


William H. Harding, assistant to the president, National 


W. H. Harding 


Vol. 48, No. 10 


Gypsum Co., Buffalo, N. Y., was, early in his career, associ- 
ated with Parker Young Co., Lincoln, N. H., and with the 
Kalbfleisch Corp., in the Eastern states. After the merger 
of Kalbfleisch with American Cyanamid, he served Cyanamid 
from 1929-1951 in production, plant design and construction, 
field service, sales, process development, research, etc., and 
later as assistant director, technical service and development 
division. In 1942, he was appointed director of the latter 
and remained in that capacity through 1951. He studied 
chemical engineering at Brooklyn Polytechnic Institute, and 
received a B.S. in chemical engineering from the Massa- 
chusetts Institute of Technology. Mr. Harding was one of 
the founders of C.C.D.A. 
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in CHEMICAL MARKETING 


answer to “How is it best used,” 
knowledge of 
and engineering, the chemical engineer 
is obviously right in his element, and 
usually the best 


usually 


requires both chemistry 


proves selectee tor 
turther traimuing. 

It is always simplest to hire men who 
are already specialists either through 
training in some school or through ac- 
tual experience in some specihe indus- 
trv following graauation from college. 
Such men readily fit into application re- 
groups. Here abilities can be 
readily evaluated and temperaments 
studied so that each man may eventually 
be assigned to a job he can handle com- 
petently. 

Men with no specific training or in- 
clination present a more difficult prob- 
lem. Such men are usually interviewed 
by several group leaders, and, as a rule, 
the applicants find some field of par- 
ticular interest. Those who are uncer- 
tain may prefer assignment to the ana 
lytical division or the pilot plant, from 
which vantage points they can make 
more leisurely investigations of the rela- 
tive merits of several consumer indus- 
tries. When finally transferred to the 
application laboratory of his choice the 
trainee must, of course, be given oppor- 
tunity to gain first-hand knowledge of 
the customers’ business by acting as an 


search 


assistant to more experienced laboratory 
or field service men in the demonstra- 
tion of new products or on trouble- 
shooting expeditions. 

Assuming then that an employee now 
the 
fications : 


following essential quali- 
(1) technical education; (2) 
a thorough knowledge of his employer's 
products, processes, and business meth- 
ods; (3) reasonable familiarity with 
some consuming industrv’s manu factur- 
ing methods and problems, and (4) abil- 
ity to get along with others, he mav 
now choose one of several roads to fol- 
low depending on his own inclination 
and temperament. Extroverts will prob- 
ably be best suited to sales, field service, 
new product development, or advertis- 
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ing and publicity. A man who likes 
change and the stimulus of new and 
diverse problems will find field service, 
the introduction of new products, new 
uses of old products, and trouble-shoot- 
ing right up his alley. Experience in 
this role is excellent training for sales. 

Packaging, new product development, 
end advertising also require men who 
prefer varied personal contacts and who 
are mentally agile. The 
verted person may prefer to stay in 
application research, or should he be a 
man the 
ideas of others, he will find the applica 


more imntro- 


who does best enlarging on 


usually con 
and 


tion laboratories, which are 


with the variation 


cerned 


English: 


expan- 
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sion of demonstrated uses of in-the- 
barrel materials, a congenial milieu. 
Market research and the patent de- 
partment also offer opportunities for 
such men. It must be noted, however, 
that the latter also requires further 
formal education, which in many locali- 
ties can be obtained at night schools. 
Actually, the field of patents is only 
indirectly connected with sales or mar- 
keting since patents are primarily just 
protective devices. However, it still re- 
mains true that the patent field is a 
desirable place for the entrance of the 
There are few 
fields where a man with a rich chemical 
background, knowledge, 
imagination, and ability to think can 


chemical engineer. 


engineering 


help a company as much as in the field 
of patents. As an outstanding technical 
adviser to the patent department, he 
could do a world of good, and such men 
are in great demand. 

In any event, diverse as these jobs 
all are part of chemical 
marketing and all require the same basic 
training. I feel that the recent graduates 
in chemical engineering who presum- 
ably have the first requirements, namely, 
the schooling workable 
knowledge ot products, and 


are, modern 


formal and a 
processes 
business ways and methods are indeed 
fortunate to find so varied a selection of 
worth-while and, it is hoped, remunera- 
tive jobs. 


A Chemical Engineering Tool 


JOHN A. FIELD 


EVER in the history of industry has 

there been a time when the tech- 
nically trained man has had the oppor- 
tunity to assume leadership both in busi- 
ness and in community life as he has 
today. Responsibilities are falling in- 
creasingly on the shoulders of the tech- 
nical man, not the physical 
sciences but also in other walks of life. 
This is, of course, particularly true of 
the chemical industry, which has grown 
tremendously during our own lifetime. 
Educationally, this fact has been recog- 
nized by ever-increasing specialization 
along technical lines. A few years ago 


only in 
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a man was an expert chemist or chemical 
engineer after a minimum of college 
training and a year or so in a plant. The 
Bachelor of Science was a rare character 
and the Bachelor of Chemical Engineer 
ing unknown. Today, the Doctor of 
Philosophy in fields of chemistry and 
physics and the Master or Doctor of 
Chemical Engineering are as numerous 
as the bachelor once was. 
Unfortunately, with increasing spe- 
cialization along technical lines, a tend- 
ency has been growing on the part of the 
educational institutions and of those 
persons being educated to underempha- 
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size the basic values of nontechnical 
studies. It is becoming increasingly 
difficult to find men who are proficient 
in their chosen technical sphere and at 
the same time are well equipped to as- 
sume broader responsibilities in the field 
of personnel management, managerial 
activities and in the many phases of hu- 
man activity not directly concerned with 
technical endeavor. And yet it is upon 
such men that industry must depend for 
its leaders and executives in the years 
to come. 

It is a sad situation, indeed, to come 
upon a man who has good ideas but who 
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is incapable of transmitting those ideas 
to his fellowmen clearly and convinc- 
ingly. This is true not only of the spoken 
word but also of the written word. The 
man who can “sell” his ideas and him- 
self, too, to his management will move 
along faster than the man who cannot. I 
do not mean to imply that a man with 
a “gift of gab” will be a better chemical 
engineer than a man with a gift for 
mechanics. 1 do mean to imply that if 
two men of equal ability, from a strictly 
engineering standpoint, are competing 
for executive responsibilities in an indus- 
trial enterprise, the man who can more 
clearly and effectively set forth his ideas 
and his reasons for following a given 
course will surely progress faster. 

This writer accepts unequivocally the 
thesis that no matter how good a product 
is, it must be sold. No matter how good 
an engineer is, if his light is hidden, he 
will not realize his maximum potential. 
Utilizing technical abilities to their 
fullest and obtaining the maximum re- 
turn for the investment made in your 
education may depend to a large extent 
on the job you do in selling yourself. It 
behooves every man to do his best to see 
that he does not become a “discontinued 
item” because his ability is not properly 
or attractively displayed. A good im- 
pression made by reason of personality 
traits, orderliness of dress and speech, 
and the ability to express thoughts 
clearly, can go a long way toward open- 
ing the doors of industry to welcome 
and turn to good account technical 
training and talents. This factor of 
salesmanship in selling oneself must not 
be overlooked by the man who is ambi- 
tious to succeed. 

One of the foundations of a well-de- 
veloped personality is the ability to 
speak and write well. You may be think 
ing to yourself: “What good is all this 
going to do me? I'm an engineer and 
what I need is a good foundation in 
mathematics and thermodynamics, not a 
course in English!” You are only halt 
right if you think so, for you are over- 
looking the importance of being able to 


communicate to those around you quickly 
and effectively. Did you ever stop to 
think that nearly all business is founded 
upon communications ? The record of the 
growth of industry from the earliest 
times—from the “one voice” sales pre- 
sentation of the itinerant peddler or 
huckster calling out his wares to today’s 
highly complicated business mechanisms 
—is a history, step by step, of expanding 
means of communication. Imagine the 
confusion which would result if you as 
chemical engineers had only the vocal 
grunts of the stone age to communicate 
a theory for determining tray efficiencies 
in a bubble-cap distillation column. Or 
suppose our written language consisted 
of crude picture characters on papyrus, 
and with these pictures you were at- 
tempting to write a textbook on calculat- 
ing the strength of materials. This is, 
of course, a ridiculous comparison, but 
it serves to illustrate the point that unless 
communications can be made swiftly and 
effectively, all industry will slow to a 
virtual standstill 

Only a few years ago the material 
needs of a community were supplied by 
small, “one cylinder” businesses. Mes- 
sages were transmitted by word of 
mouth to customers, to workers and to 
suppliers. Communication by telegraph 
and then by telephone started rapid ad 
vances in communication techniques and 
in the magnitude of industrial enter- 
prises; the old neighbor-to-neighbor re- 
lationship gave way to new forms. Pet 
sonal contact has been replaced by letters, 
reports, technical manuals, advertising 
and sales literature, financial reports, re- 
ports to stockholders and other similar 
devices. All these tools make it possible 
for the corporation to carry on its busi- 
ness efficiently. Some of these same tools 
can aid the individual in selling himself 
or his ideas to management or to execu 
tives with whom he may have no other 
contact and with whom his first contact 
is almost certain to be in written form. 
As aptly said: “He who can explain him- 
self may command what he wants; he 
who cannot is left to the poverty of his 
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ated with honors from Yale University in 1935 with a 
B.A. degree in chemistry. He spent a year at Oxford Uni- 
versity on a Henry Fellowship and joined Carbide and 
Carbon Chemicals in 1936 as a unit foreman in the pro- 
duction of miscellaneous chemicals. 
engaged in sales research at Mellon Institute in Pittsburgh 
and came to the headquarters of the company in New York 
in 1941. During the war Mr. Field was a department head 
in the production of butadiene from alcohol at the Institute, 
West Va., plant. He later became manager of production 
control section, Office of Rubber Reserve, of the Recon- 
struction Finance Corp. After the war he rejoined Carbide 
and is now assistant manager of the fine chemicals division. 


From 1939 to 1940 he 
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own resources, for men do what we de- 
sire only when persuaded. The persua- 
sive and explanatory tongue or type- 
writer is, therefore, among the prime 
assets which an individual must have to 
attain any real success.” (D. E. Beebe, 
Alexander Hamilton Inst.) 

Of all the forms of written business 
communications, the letter and the tech- 
nical report are the most important to 
chemical engineers. The letter is the 
more important of the two since it is 
used much more widely and in many 
cases actually takes the place of the 
technical report. For example, an engi- 
neer may have an idea which will im- 
prove efficiencies in an operating unit. 
He will have complete technical data to 
prove his point and will assemble the 
whole into a report. But the information 
which is actually transmitted to a super- 
ior responsible for making the decisions 
will usually be in the form of a letter 
This letter 
the report giving the salient facts log- 


will be a brief summary ot 


ically, concisely and clearly to con 
vince the superior that the proposed 
course of action should be followed 
It is essential that this letter pre 


sent the ideas proposed and the con 

clusions drawn in the most efficient and 
decisive way possible to sell the program 
suggested. Similarly, the detailed report 
must also satisfy these criteria insofar as 
possible. In each of these cases the letter 
and the report are the personal emissat 

ies of the writer and in his absence plead 
his case before the bar of judgment of 
his superiors. If the report or letter 
makes a good impression, the name of 
the author will be fixed in the mind of 
his superior. If the report or letter is 
badly written, a poor impression will 
be made which may require much effort 
to erase. 

It should be emphasized here that the 
ability to use English fluently and to 
speak or write clearly and forcefully can 
affect you now and in your later life in 
industry. A letter, report or any other 
written material for that matter is the 
personal representative of the writer. 
Actually, it is even more than that, since 
it is the writer himself, to the person 
receiving the letter. The whole person- 
ality of the writer is contained in its 
pages. 

When letter be likely to 
affect one’s life to any appreciable ex- 
tent? First and foremost, consider the 
letter of application 
Most men at least once in their lives are 
confronted by the problem of marketing 
their services, and the letter provides an 
important if not the important 


would a 


for employment. 


most 


medium through which an individual can 
broadcast his qualifications. Even though 
you may obtain employment offers now 
without having to seek them, there may 
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be a time when you will wish to change 
jobs because the road to advancement is 
blocked in your present position. Then 
the letter which you write will be of 
great importance and indeed may be the 
open-sesame you need. Application let- 
ters are definitely sales letter. In general, 
the letter which is most effective is the 
one in which an applicant carefully 
matches his abilities with the require- 
ments of his prospective employer and 
in which his case is presented in a 
clear, forceful and interesting manner. 
The decision on the part of the employer 
to interview the applicant will rest en- 
tirely on the impression of the letter, so 
its importance with respect to the job in 
question can hardly be overestimated. 

As stated previously a letter may in- 
fluence your whole life. I recall an 
instance where a_ chemical engineer 
who was acting as a technical sales- 
man for our products wrote a letter 
to the editor of a technical weekly. 
Several executives of the company 
read the letter in the periodical, found 
it amusing, clear, well presented. 
It so happened that they were at that 
time considering men for an appoint- 
ment to a new job. The man had not 
been considered for the position, but as 

ja result of the single letter was inter- 
iviewed and finally got the job, a sub- 
stantial promotion which had a profound 
effect on the course of his life. Another 
gchemical engineer whom I know worked 
Tin a production job for a corporation 
supplying chemicals. He was recognized 
for his ability to write a smooth and 
readable report. In a humorous moment 
he collaborated on a burlesque of the 
company advertising which by virtue of 
its wit and cleverness circulated far be- 
yond his anticipation. As a direct result 
of this activity, the man is now attaining 
@xecutive stature in the technical service 
of that company. 

Many chemical engineers may be con- 
sidering technical sales and service for 
careers. If so, they will be called upon 
to write many letters to their customers. 
In such cases the letter takes on a double 
importance since it represents not only 
the writer but the company itself. As 
a matter of fact, letters rank first among 
business communications by a wide mar- 
gin. As high as 85 or 90% of a com- 
pany’s business may be transacted by 
letter, yet strangely enough, improving 
correspondence may be one of the last 
things a company considers. One single 
letter may in one minute destroy months 
or years of patient effort which have 
gone into the building of good customer 
relationships. A business-destroying let- 
ter may be of more importance than 
many business-building letters. An un- 
fortunate phrase, or the wrong interpre- 
tation of a word by the recipient of the 
letter can be disastrous. The writer is 
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not there to correct a wrong impression 
or to smile ingratiatingly, and the letter 
must stand alone. 

Some brief observations on how letters 
should be written can be interpolated 
here. The English language is a tricky 
one, aml in no case does its trickiness 
show up as often as in the written word. 
This is due to two reasons. First, and 
most important, the point of view of the 
reader is seldom the same as that of 
the writer. The second reason is that 
words may have many shades of mean- 
ing and by virtue of context may actually 
convey meanings of an entirely different 
sort from what had been intended by 
the writer. We are all familiar with the 
misplaced phrase, such as “For Sale, a 
piano by a lady with carved legs.” 

This is just a humorous example illus- 
trating an important feature of a letter. 
To be successful in its purpose, it must 
be written from the point of view of 
the reader and not the writer. That is 
rule number one. Edgar Lustgarten in 
his book “Verdict in Dispute” says much 
the same thing when he states: 


Words exist to communicate a meaning. 
But the meaning inferred by the listener or 
the reader is not always that intended by 
the speaker or the writer. There are pri- 
mary and secondary senses ; there are over- 
tones and undertones that are idiosyncratic ; 
there is a hyperbole and satire: there is 
untrammelled fantasy and deliberate make- 
believe. . . . It is only by reference to the 
character of their author and to the circum- 
stances in which they were employed that 
one can hope to extract the true significance 
of words. They must be related, not only to 
the dictionary, but to life. 


The basic purpose of a letter is to 
communicate facts or ideas. There is 
no other reason for writing a letter. 
Therefore, in writing a letter the fact 
or idea should be presented in the short- 
est possible space compatible with clarity 
and creating the desired impression. 
Letter writing is an art. It may require 
some native talent, but in the main, skill 
in performance results from study and 
practice. One would not expect to suc- 
ceed in law, medicine or chemical engi- 
neering if he does not have a thorough 
knowledge of these subjects plus the 
advantage of experience and observation. 
Similarly one cannot expect to express 
himself effectively through the various 
media of business communications if he 
has not given time and effort to develop- 
ing his ability to write or speak well. 
Here, then, are several major points to 
consider : 


1. Make your letter fit your reader. 
2. State the facts briefly and clearly. 


3. Express yourself courteously and 
politely. 

4. Be certain that your sentences are 
grammatically accurate. 

5. Present facts or ideas in orderly 
fashion. 
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Adherence to basic rules of English 
is probably second nature to most of us. 
Therefore, most of the inaccuracies 
which occur from time to time in letters 
are primarily due to carelessness or 
hurried writing. Word choice is a rela- 
tively simple problem and we should not 
be ashamed to use a dictionary to secure 
the right word with the exact meaning 
desired. It is important, too, that we use 
definite words rather than vague words 
to give our writing crispness and pur- 
posefulness. Orderly presentation of 
ideas depends on organizing your 
thoughts before you write; then they can 
be presented in correct sequence with 
logical conclusions. Some people can do 
this mentally, others jot down an out- 
line and still others may first write an 
important letter in rough form with the 
deliberate intent to revise. Here again, 
experience and practice are important 
factors in developing the ability to write 
in a well-organized manner. 

Some precautions to be observed in 
writing letters are: 


Don’t overlap two separate ideas in 
the same sentence. It tends to be con- 
fusing. Use paragraphs inteliigently. One 
major thought to a paragraph is a good 
rule of thumb. 


Avoid use of long words. Long 
words tend to be confusing and often in- 
crease the difficulty of reading. There are 
exceptions to this rule, such as chemical or 
equipment names and technical terminology 


Avoid use of long sentences. Use 
of short sentences makes for definiteness in 
thought processes 


Avoid use of slang. Slang should be 
limited to terms familiar to a 
eccupation with which the reader wil! b 
familiar and which are in everyday ust 
his business 


trade of 


Such words 


Avoid use of adverbs. 
= usually wun 


as “extremely,” ery are 
necessary 


Avoid use of overworked phrases. 
“Attached please find,” “contents carefully 
noted,” “in replying we wish to state that” 
and others. These are overworked, and 
overworded statements of obvious facts 


Avoid use of phrases which imply 
that a customer is wrong, dishonest or 
ignorant. 

Avoid strong modifiers. \Words such 
as “unjust,” “unreasonable,” or “inexcus 
ably” evoke wrong reactions 


Avoid the pompous attitude. This is 
characterized by such phrases as: “in ac 
cordance with our policy.” 

Avoid the negative approach. Don't 


back into a situation. Keep your letter posi 
tive and straightforward 

Many of the rules and suggestions 
made so far are not limited to the com- 
position of letters but are basic rules 
which can be applied to all writing in- 
cluding the preparation of a report. Ob- 
viously a report cannot be written in the 
same way as a letter. It must be an 
impersonal and accurate presentation of 
a subject based upon investigation. The 
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information contained in a report is a 
record and analysis of conditions, activi- 
ties and data, past and present, from 
which a statement of conclusions and a 
recommendation for future action have 
been made. The purpose of a report is 
to supply information to an executive or 
superior to permit him to make a decision 
which will play a part in the operation 
of a business. A report may carry con- 
viction, to bring the reader around to a 
certain point of view and to persuade 
him to adopt the recommended course of 
action. A report of a sales call may 
present the particular competitive situa- 
tion involved, the general market possi- 
bilities, a summary of products in which 
a prospective customer is interested or a 
suggested procedure for developing sales. 
Reports by members of the research staff 
present new scientific data—engineering 
reports present economic and structural 
data without which the construction of 
chemical plants would be an impossi- 
bility. In other words, the report is of 
the utmost importance to industry. To 
individuals the report is also important 
since it is the best means of bringing 
their ability ‘to the attention of superiors 
and the managerial group in a company. 
Everyone who seeks to attain administra- 
tive proficiency must develop the ability 
to express himself well in report form. 

A few suggestions to improve report 
writing, implemented by those points 
made previously in connection with let- 
ter writing, are: 


1. The report should be easy to read. 
It should consist of clear, concise sentences 
and simple, meaningfiil words 


2. Conclusions and recommendations 
must be presented briefly, logically. In 
such a form the report can be absorbed 
by the reader with a minimum of effort and 
a maximum of comprehension. Conclusions 
which involve a degree of doubt should be 
accompanied by such an expression as 
Results of the study indicate. 


3. Supporting arguments should be ex- 
pressed clearly and concisely. Too much 
elaboration of detail or too volumin 
ous an explanation may reduce the effec- 
tiveness of the report to such an extent that 
no action on it is ever taken. 


_ 4. The report should answer all ques- 
tions. Most of the questions the reader 


is likely to ask can be answered in the 
supporting data and tables ap 


lorm ot 


pended to the summary report. This pre- 
vents a multitude of data and calculations 
from distracting the attention of the reader 
from the points to be emphasized. 

5. A report should be devoid of vague 
and meaningless expressions. 

6. Do not waste time and energy in 
writing “do nothing” words and phrases. 


7. Submit a report for criticism to an- 
other person before final publication. 
This tends to eliminate errors which 
result from idiosyncrasies of the writer. 
It also affords a means of double-check- 
ing for errors which the writer might 
overlook because of his proximity to the 
subject. Comment from someone with a 
different perspective is always helpful. 


8. A report should be clearly typed. 


In conclusion, this writer would em- 
phasize the fact that the same basic rules 
of good English apply to speech as well 
as to writing. The man who can express 
himself fluently and convincingly can 
secure the enthusiastic cooperation of 
those around him and can sell himself 
and his ideas to his superiors and fellow 
workers. In addition, more and more 
as you grow in your industrial careers 
you will be called upon to represent your 
company in public speeches or in your 
community life. Here again the ability 
to talk easily, logically and fluently will 
give a man a great advantage over a 
competitor who is unable to do so. 


Appendix 


The following list of books should 
prove helpful to the chemical engineer 
in his study of the successful use of one 
important tool—the English language. 


1. “Writing the Technical Report”—Nel 
son, J. Raleigh, McGraw-Hill Book 
Co., Inc., New York (1947). 

2. “Improving Your Vocabulary”—Strat- 
ton, Clarence, Whittlesey House, Mc 
Graw-Hill Book Co., Inc. (1947). 

3. “Speak Well—and Win!"—Sandford, 
William P., Whittlesey House, Mc 
Graw-Hill Book Co., Inc. (1944). 


4. “Public Speaking and Influencing Men 
in Business”—Carnegie, Dale, Associa- 
tion Press (1926) 


5. “Public Speaking—As Listeners Like 
It!"—Borden, Richard C., University 
College, New York University, Harper 
and Brothers, New York (1935) 

6. “The Way to Write”—Flesch, Rudolf, 

and Lass, A. H., Harper and Brothers 

(1947) 

“The Art of Useful Writing” 

Walter B., Whittlesey House, Me- 

Graw-Hill Book Co., Inc. (1940). 

8 “The Art of Plain Talk”—Flesch, Ru 
dolf, Harper and Brothers (1946) 


Pitkin, 


9. “Clear Writing for Easy Reading”— 
Shidle, Norman G., McGraw-Hill Book 


Co., Inc. (1951) 


10. “Business Letters and Communica- 
tions”-—Beebe, Dwight E.. Alexander 
Hamilton Institute, New York (1949). 


(Presented at 
New York.) 


Columbia University, 
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PRODUCTION OF METHANE FROM COAL 


An Economic Study 


L. W. ALBERTS, J. S. BARDIN, D. W. BEERY, H. R. JONES, and E. J. VIDT 


Blaw-Knox Construction Company*, Pittsburgh, 


A ECENT editorial (2) states that 
it is reasonable to expect that 
ratural gas reserves 


within five to ten 
years, will all be dedicated to existing 
jiterstate pipe lines and to large-volume 
Mise at the This 
Deans that sections of the country not 
already interstate pipe lines 
Will be unable to obtain gas and that 
ae customers will be unable to get 


dditional amounts. 


point of production. 


served by 


Industry is already feeling the pinch 
Where it depends upon “interruptable” 
x Such interruptions during periods 

f high domestic demand are costly m 
Bricte ised) maintenance, investment in 
Stand-by equipment, and high-cost stand- 

Vv fuel 
Division, 


vemical Plants 


an 
COMPRESSOR 


The 


mand 


result of increased de- 
and short supply is increased 
prices. Industry faced with higher fuel 
costs through stand-by equipment can 
pay more for a noninterruptable supply 
ot fuel. The gas-hungry domestic public 
would be willing to pay a 


normal 


reasonable 
fuel costs for the 
convenience of gaseous fuels. How high 
the cost of natural gas may go is a 
matter of conjecture today but rise it 
must. 

Production of gaseous fuels from 
solid fuels at locations remote from a 
supply of natural gas may be an answer 
to a portion of this demand. It is the 
purpose of this paper to develop the 
economics of manufacturing methane 
from coal by the hydrogenation of car- 
bon monoxide. The methane will be 
produced in quantities suitable for trans- 
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Pennsylvania 


mission in cross-country pipe lines, that 
is 100 million std.cu.it./day or more. 

The process shown in Figure 1 begins 
with the preparation of synthesis gas 
Ly reaction of a noncaking coal, or its 
equivalent, with oxygen and superheated 
steam in the Lurgi pressure gasifier. The 
gas produced is cooled and then com- 
pletely desulfurized in the  Rectisol 
initial purification step. The carbon 
content is simultaneously re 
duced. Following purification the gas is 
passed over a methanizing catalyst to 
produce a mixture of CH,, CO, and 
H,O. This stream is treated by the 
Rectisol final purification step to remove 
CO, and to dehydrate the gas. It now 
has a heating value of more than 900 
B.t.u./cu.ft. and is ready for delivery to 
the pipe line. It is a satisfactory re- 
placement for natural gas. 

The plant described in this paper is 
designed to furnish all of its own utili 
ties. Investment costs have been calcu- 
lated for a plant producing 100 million 
std.cu.ft./day. These costs include engi 
neering design, procurement, and erec- 
tion of the plant, interest on the capital 
invested during erection, and working 
capitak. Raw material, labor and main- 
tenance have been determined. 
Costs of the utilities have been similarly 
developed. 


dioxide 


costs 


Gasification 


The synthesis gas for the process is 
produced in 12-it. (1.D.) Lurgi pres- 
sure gasifiers. Units of this type have 
been described by Hollings et al. (4 
and by others (5,9). Satisfactory oper- 
ation of Lurgi generators requires that 
the charge be relatively noncaking. 
However, since the mining and process- 
ing of the coal are beyond the scope of 
this paper, the assumption here is that 
suitable material is delivered to the site 
of operation. In the economic study of 
this process the cost of fuel will be 
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Rew Lurgi Ges Leaving Ges 
Ges Initiel Leaving Ges 
Purification Methenizetion 


TABLE 1 


GAS COMPOSITIONS 


Pipeline 


54.8 ) ) 
) 8.6 ) 10.9 
co 20 27.4 ) ) 
co, 30 4.1 22.1 1.0 
CH, 8 10.9 €3.6 80.9 
Colig & i111. 2 2.4 2.85 3.5 
1 2.8 3.7 
100 100.0 100.0 100.0 
HS (greins/ 275 0 
100 SCF) 
Inorganic end 12.5 0.1 (0.2 
organic sulfur 
(grains/100 SCF) 
Volumes 100 73° 35.0 27.5 
FReating Value 
(BTU/SCF ) 293 4ol 721 915 
Specific Gravity -73 78 -57 


treated as one variable. 

The reactions which take place in the 
gas generator have been discussed in 
the papers just listed. The relatively 
high percentage of methane formed dur- 
ing pressure gasification is of consider- 
able advantage in the present process. 
For the same amount of carbon gasified, 
the higher the methane yield, the 
lower the oxygen consumption, because 
methane formation is less endothermic 
than water gas formation. These two 
effects make pressure gasification at- 
tractive when preparing synthesis gas 
ior methanization because they both re- 
duce operating costs. Table 1 shows the 
ipproximate composition of the raw 
Lurgi gas 


The gas leaving a generator is cooled 
with water in two spray coolers in series. 
The tar and most of the water vapor are 
condensed and separated. The condensed 
water contains small amounts of tar, phe 
nols, and other materials. In preparing 
boiler feed water by distillation the wast« 
heat in the water is used. The water itself 
is distilled and the steam produced from 
the distillate is recycled to the gasification 
unit 

Following the spray coolers the gas 
passes through a tubular cooler. Remain- 
ing amounts of tar and ash in the gas 
stream are removed by electrostatic precipi- 
tators. 


Initial Purification. Methane syn- 
thesis catalysts under present operating 
conditions are sensitive to sulfur. The raw 
Lurgi gas must be purified to remove all 
sulfur compounds and COs. 


TABLE 2.—-STEAM BALANCE 


In the present case H,S, organic sulfur 
compounds and CO, are removed by the 
Rectisol process, a low-temperature extrac- 
tion, recently developed by the Lurgi Ge- 
sellschait fuer Waermetechnik m.b.H. and 
the Gesellschaft fuer Linde’s Eismachinen 
A.G., (Germany). It has the advantage 
over the ethanolamine and similar extrac- 
tion processes that it will remove organic 
sulfur compounds as well as gum formers. 
This allows substitution of a single process 
for the multiple processes commonly in use. 
The Rectisol process in the present case is 
conducted in two absorption steps. The first 
step yields a waste gas enriched in H,S, 
which is fed to a sulfur-recovery unit. 
Waste gas from the second step contains 
most of the CO, 


Methanization 


Synthesis of methane was disclosed by 
Sabatier (7) in 1896. Since then it has 
been extensively studied for the enrich- 
ment of town gas (3). Akers and 
White (7) have summarized the kin- 
etics of the reactions when catalyzed by 
nickel. The catalytic production of 
methane by a series of reactions, which 
may be represented by 


4CO + 3CH, + CO, + 2H,O 
(1) 


is preferably carried out over a nickel 
catalyst. The reaction is exothermic, lib- 
erating about 92,000 B.t.u./lb. mole CH 
at 300 Ib./sq.in. gage and 600° F. Inj 
order to remove the heat of reaction 
large volumes of reacted gases are re 
cycled. Gases leaving the catalyst are 
passed through a waste heat boiler ta 
cool them. The steam generated is used 
in the Lurgi gas generators. In order 
to achieve a gas of 900 B.t.u. or more 
heating value it is necessary to obtain] 
at least 959% conversion of H, and CO.) 
The cost of methanization is treated as) 
a variable in this paper. | 


STEAM PRODUCED STEAM CONSUMED 

400 oe 575 37S peg 37S 57S oe 20 one 57S | 57S 20 veg 
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Purification - - @.200 - #200 187,200 2,300 
Methenizetion - 468 200 - $37 00° - - - - 

Fine! Puriticetion - - - - - = 2,340 
Fine! Gee Compression - - - - - - - - - - | = 

- - - - - - 6,280 6 280 - - - - 6280 
High Pressure Steem 260,000 - - - - 126,400 ] 
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Electric Power - - - 235,000 22,700 357 700 - - 
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TABLE 3,—-ELECTRI 


C POWER BALANCE 


POWER PRODUCED 


POWER CONSUMED 


unit 9,600 volts 


2,300 volts 


440 volts [2,300 volts | 440 volts! 110/220 volts 


Gosificetion 
initial Purification 
Methonizetion 

Fine! Purification 
Finel 


Ges Compression 


Ausiliory Facilities 


337 


High Pressure Steam 
Low Pressure Steom 
Electric Power 
Cooling Water 
Boiler Feed Water 
Onyger Production 


Oxygen Compression 


TOTAL 


GRanod TOTAL 


All Unite ere Kilowotts 


Final Purification. In order to obtain 
the maximum B.t.u. value in the gas after 
a the CO, is removed by the 

ectisol The CO, content of the 
Hnal gas is of the order of 1%. The water 

ust be removed to prevent condensation 

id hydrate formation in the gas transmis- 

jon line. The Rectisol process removes the 

O, and simultaneously dehydrates the gas 

it no additional expense. Leaving the final 
rification step the gas has a heating value 

f more than 900 B.t.u./std.cu.ft. and is 

itable for transmission by pipe line 
) Removal of CO, by scrubbing with water 
der pressure is usually inexpensive but 

solubility of methane at 300 tb.sq.in, 

ge is appreciable. This, plus the cost 

subsequent dehydration, makes water 
Washing more expensive than Rectisol 


Final Gas Compression. The gas leav- 
@g the final purification step is compressed 
® pipe-line pressure of 1200 Ib./sq.in. gage 
before havin the plant. The low cost of 


process 


TABLE 4.—COOLIN( 


utilities produced within this plant makes it 
desirable to do as much of the work of 
compression as possible before the gas 
leaves the plant. 


Materials. The gasification process re- 
quires 90.1 Ib. of fuel, 41.4 Ib. of 95% oxy- 
gen, and 268 Ib. of superheated steam/M 
cu.ft. of final pipe-line gas. The fuel con- 
sumption is based upon a hypothetical non- 
caking fuel having a heating value of 
13,000 B.t.u./Ib. (26,000,000  B.t.u./ton) 
which will not produce any tars or oils in 
the gasifier. The daily consumption for 
gasification is 4,505 tons. The feed must 
be sized between 1 in. and % in. for 
maximum efficiency. It has been assumed 
for this paper that prepared feed stock has 
been delivered to storage piles adjacent to 
the plant. It has also been assumed that 
fines produced during coal-handling and 
preparation operations are used as boiler 
teed 
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The daily requirement of 2,070 tons of 
95% oxygen must be provided at 375 Ib./ 
sq.in. gage and at the compressor discharge 
temperature. In addition 13,380 tons/day 
(1,115,000 tb./hr.) of 375 tb./sq.in. gage, 
850° F. steam are consumed. 

The oxygen plant consists of five 500-ton 
Linde-Fraenk! units. Large volumes of air 
required allow the use of centrifugal or 
axial-flow compressors. The 95% oxygen 
is produced at atmospheric pressure a’ 
must be compressed before entering the gas 
generators. Centrifugal machines are used 
for this service. The oxygen leaving the 
final stage of compression is not aftercooled 
as it is desirable to have it enter the gasifier 
at a temperature as high as possible. 

The steam which is supplied to the gas 
generators is produced in part in the waste 
heat boilers of the methanization unit. An 
additional large amount is obtained from 
the exhaust of the turbines driving the 
methanization recycle blowers. A_ small 
amount of make-up is extracted from the 
main turbogenerators. Superheating is 
done in separate coils located in the high- 
pressare boilers 


Utilities. The plant proposed here is 
self-sufficient in utilities. Steam is gener- 
ated at 1400 Ib./sq.in. gage and 950° F. in 
pulverized coal-fired boilers. These boilers 
generate 1,260,000 Ib./hr. of steam at 87.5% 
thermal efficiency. This steam powers all 
large prime movers in the plant. All me- 
chanical drive turbines are operated con- 
densing except for those driving the recycle 
blowers of the methanization unit. These 
exhaust at 375 Ib./sq.in. gage as described 
earlier. Process steam at 375 tb./sq.in. 
gage and at 20 Ib./sq.in. gage is extracted 
from the main turbogenerators. This steam 
is used for heating. 

A steam balance of the plant is presented 
in Table 2. This shows the primary pro 
duction of high pressure steam and the 
generation of 375 lb./sq.in. gage saturated 
(442° F.) steam in the methanization unit 
waste heat boilers. Steam is also shown 
as being produced from those turbines, 
pumps, wig which exhaust steam above 
atmospheric pressure. Consumption of 
steam at the various design conditions is 
shown. 

Power is generated and distributed at 

v. It is reduced to 2300 or 440 v 
3-phase, at the various operating units. All 
drivers of 100 hp. or less receive 440-v. 
power, larger drivers 2300 v. Electric mo- 
tors are used wherever the water rate of 
an equivalent steam turbine would be more 
than 7.0 Ib./hp-hr. 

An electric power balance is shown in 
Table 3. It is noteworthy that in addition 
to the power generated at 9600 v. in the 
main turbogenerators, there is also power 
generated as a by-product of two of the 
operating units. Waste CO, from the 
initial purification unit is expanded in a 
turbine generating power at 2300 v. Tur- 
boexpanders of the Linde-Fraenkl units 
also generate power at 440 v. Consumption 
figures are broken down into the various 
voltages. All lighting facilities are included 
under “auxiliary facilities” at 110/220 v. 

In order that the plant design may be 
generally applicable, it has been assumed 
that the supply of cooling water is limited. 
A circulating water system using induced- 
draft cooling towers has been designed 
Make-up water, 22,000 gal./min., is pumped 
through the wn condensers of the tur- 
bogenerators. It is neutralized and defloc- 
culated before entering the circulating 
water system. The system has been de- 
signed for a circulation rate of 118,000 gal./ 
min., 73° F. wet-bulb temperature, 80° F. 
cold water and 30° F. temperature rise. A 
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Construction Costs 


High Pressure Stean 
Low Pressure Stean 
Electric Power 
Cooling Weter 
Boiler Feed Weter 
Oxygen Production 
Oxygen Compression 


Utilities Subtotel 


Process Units 


Gasification 

Initiel Purificetion 
Methani zation 

Finel Purificetion 
Fine) Ges Compression 
Auxiliaries 


Process Subtctel 


Totel Construction Cost 


Interest on Capitel During 
Construction (eseumed) 


Working Cepitel (sseumed) 


Totel Investment 


cooling water balance is shown in Table 4 
This table shows consumption figures for 
110° F. water. These refer to blowdown 
water which is purposely wasted to prevent 
salt build-up in the cooling towers. This 
water is used to transport ashes from the 
gasification unit and boilers to the ash- 
settling pond and is then discarded. 

The make-up feed water for the high 
pressure boilers is produced from the 
available cooling water by distillation. Feed 
to the methanization waste heat boilers is 
similarly prepared from the undissociated 
steam condensing from the raw Lurgi gas 
The distillation units use waste heat which 
is contained in the gases leaving the Lurgi 
generators. In calculating the cost of coal 
gasification a credit is allowed for the value 
of this heat as it replaces coal as a means 
of heating boiler feed water 


Plast 


Tubuler Equipaent 

Mechanica] Equipment 

Tanks end Vessels 

Boilers and Superheeters 

Low Temperature Equipment 

Cooling Tovers 

Turbogeneretors & Pover Switching 

Instruments 

Piping 

Structure] - Building end 
Generel Construction 

Blectrice) Equipment 

Insuletion 

Auxiliaries 


8888888 


8888 38 
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Interest on Cepitel During Construction 
(eseumed ) 


5 


Working Capitel (essumed) 


|. 


Labor, Meterial 
and Qverbeas _ 


$ 2,510,000 


2,300,000 


$52,500,000 $52,500,000 


Investment Costs 


Costs are based on an engineering 
estimate of costs which has been com- 
pleted by Chemical Plants Division, 
Blaw-Knox Construction Co. The au- 
thors’ studies of plants producing more 
than 100 million std.cu.ft./day have indi- 
cated that unit costs in this range are 
practically independent of plant size. 
Smaller plants have not yet been inves 
tigated. 

The plant described here will be oper- 
ated as a public utility. It must be 
capable of operating at full design ca- 
pacity with a° 100% load factor. Ade- 
quate spare equipment has been provided 


Mechanicel Bqui 


B 
23% 


NOW 
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and Generel 


£888 


Insulation 
Auxiliaries 
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Tubuler Bquipsent 


Tanks and Vessels 
Boilers & Superhester 


Structure] - Building 


Construction 
Electricel Bquipaent 


to make such operation possible. If 
units are shut down for preventive 
maintenance during warm weather 
months this spare equipment will allow 
production of about 20% additional 
pipe-line gas during winter months, 
when demand is high. Such excess ca- 
pacity will reduce the annoyance of 
interruptiens suffered by large commer 
cial consumers. Further, since invest- 
ment is not increased, the unit cost of 
the product will be reduced when the 
output is increased. 

In Table 5 a summary is given of the 
investment in dollars for the 100 million 
std.cu.ft./day plant. These costs include 
the design and procurement of the 
equipment and the labor and overhead 
charges incurred during construction. 
There are unknown factors about a pro- 
ject of this magnitude which cannot be 
evaluated at this stage. For this reason 
the designation “auxiliaries” has been 
set up. Under this are included general 
site preparation—grading, storage tanks 
and loading facilities for by-products, 
roads, rail sidings, etc.—sulfur recovery, 
waste disposal, fire protection, admin- 
istration buildings, warehouses, shop 
facilities, change rooms, etc. The sepa- 
ration of oxygen from the air and its 
compression to 375 Ib./sq.in. gage have 
been included as utility items. 

The interest charge on the capital re- 
quired during the construction period 
has been added to these costs. Working 
capital has also been provided. 

The investment has been broken down 
in Table 6 into equipment costs for the 
individual process and utility-producing 
units, 

Depreciation costs have been calcu- 
lated as shown in Table 7. The amor- 
tization periods used are based in part 
on the Bureau of Internal Revenue 
tables (8). On equipment peculiar to 
these processes obsolesence has been 


wh 


oue 
BRB 


BER 


Rate of Interest 
Averege Rate of Deprecietion 
Amortization Period (6% Interest) 


6.008 
5.9% 
12.08 years 


> 
4 
TABLE 5 
INVESTMENT SUMURY 
A utilities Adjusted 
‘ 
1. $ 7,580,000 $ 8,360,000 
2. 952,000 1,050,000 
? 3 1,940,000 2,140,000 
2,930, 0C0 3,230,000 
5 2,365,000 2,620,000 
é 10, %0,000 11,400,000 
7. 925,000 1,010,000 
1 $ 5,860,000 $ 6,460,000 
2. 3,725,000 4, 200,000 
3 2, 565,000 2,830,000 
1,088,000 1,200,000 
5. 770,000 850,000 
é. 6,580,000 7,260, 000 
$20,578,000 $22,790,000 
$47,600,000 $52,500,000 
TABLE 7 
i 
DEPRECIATION TABLE 
INVESTMENT BREAKDOWN 
Percent 
of Total Amortizetion Rete of 
Cupitel Capitel _Time-Yeers Depreciation 
Labor, Material, Majusted 
3 6 900,000 7.43 12 
9,702,000 19.48 7 11.990 
5 4,862,000 9.26 20 2.72 
Low Tempereture 
Equipment 6,600,000 
Cooling Tovers 1, 391,000 
Turbogenerators ° 
Power Switching 1,533,000 
Instruments 1,281,000 
i. 
13. n. 1,565,000 
; 12. 1,281,000 
- 
| 
$52,500,000 
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TABLE 


PRODUCTION COST SUMMARY 


CENTS/MSCF 


GASIFICATION 


PURIFICATION 


THANIZAT! 
PURIFICATION 


Fin aL 
COMPRE SSION 


OVERALL 
ToTar 


AURILIARIES 


CAPITAL COSTS 


Return on investment 
setion 


Reo Persone! Property Tores, 


ToTa, CaPiTa COSTS 


PROCESS RAW MATERIALS 


Fuel for uniitie 
Fuel for Gesificetion 
Process Steam 

Onyger 

Solvent 

Cotolyst 

Woter Treating Chemicols 


TOTAL PROCESS MATERIALS 


UTILITIES 
Steom 
at 
nq Wolter 
Boller Feed Woter 


TOTAL UTILITIES 


LABOR OVE RHEAD 
Direct Operating Lebor 
Overhecd & Administrative 


TOTAL LABOR B OVERHEAD 


MAINTENANCE & REPAIR 


TOoTa. COSTS 


472 55.35 $5.35 


Bosed upon fuel at $400 per ton 


Bconsidered. For this equipment amor- 


tization periods are correspondingly 
The rate of depreciation has 
Dbeen calculated on a sinking-fund basis 


pusing a 6% 


Preduced. 


interest rate. The average 
rate of depreciation has been calculated 
by adding the individual products of 
per cent of total capital and rate of de- 


preciation, 


Cost of Producing Pipe-line Gas. 


A summary of production costs is pre- 


sented in Table 8 In this table fuel 


TABLE 9 


has been assumed to cost $4.00/ton and 
the methanization catalyst 1.9 cents/M 
std.cu.ft. of pipe-line gas. The effect of 
varying these costs will be treated later. 
Since the sale of pipe-line gas in the 
quantities produced in this plant will in- 
volve a public utility, it is logical to 
assume that an over-all return of 6% 
based on capital investment will be re- 
quired. A depreciation cost based on the 
average depreciation rate of Table 7 is 
assessed on the basis of capital invested. 
An additional 2.56% cost has been added 


UTILITIES UNIT COST SUMMARY 


Utility 


Righ Pressure Steam 
1400 psig, 950°F 

Low Pressure Steam 
375 pete, 


375 pete, 
375 pete, 


Rlectric 
Sooling Water, 80% 
Boller Feed Water 


Oxygen Production 


Oxygen Compression 


Chemical Engineering 


3.368 
0,2815 
0, 


Progress 


Note: Credits ore shown in porentreses 


to take care of real estate and personal 
property taxes, annuities, insutance, and 
similar items. 

Maintenance and repair have 
also been determined as a percentage otf 
the capital investment. For electric 
power generation, cooling water supply, 
oxygen production and compression, and 
final gas compression this been 
assumed to be 2%; for all other units 
4%. Ordinarily maintenance rates are 
low for utilities-producing units. How- 
ever, these steam costs include coal- and 
ash-handling equipment with which 
greater maintenance expenses are an- 
ticipated. Similarly, higher expenses 
are expected with the evaporative 
preparation of the boiler feed water. 
The lower rate set for oxygen produc- 
tion is based upon long experience of 
those using plants designed by the 
Gesellschaft fuer Linde’s Eismaschinen 
A. G. Oxygen and final gas compression 
are handled by large centrifugal or axial 
flow machines which require little 
maintenance and repair. 

Unit costs of utilities are given in 
Table 9. These utilities are all produced 
within the plant and are consequently 
dependent upon the cost of coal. Ac- 
cordingly, they are shown at two dif- 
ferent coal costs, utilities costs at other 
coal costs may be found by interpolation. 

Direct operating labor costs, as shown 
in Table 8 are an estimate based upon 


costs 


has 
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TOTAL 
PROCESS 
UNITS 
25 
Annuihes, insuronce, etc os 
0.33 
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(0.44) - - (0.44) 
o« Neg 90 1.03 
~ 02 - 101 
(0 19) 0.60 1.10 234 
| 066 0 08 0.07 © 02 
| 0 40 06 09 0 04 0.01 
1.06 o1s 023 03 
4 
— 
Cost 
Unit Fuel 0 Fuel @ 
$4,00/ton $8,00/ton 
1,000 Lbs, 0.396 $ 0,609 
1,000 Ibe, 0.395 0.607 
1,000 Lbs, 0.372 0.569 
1,000 Lbs, 0.362 0.583 
375 peig, 42°F 1,000 Lbs. 0.32% 0,496 
20 peig, 297°F 1,000 Lbs. 0.368 0,487 
pele Loe 0.313 
1,000 Gal, 0.012% 0.01297 
1,000 Ibe. 0.087% 
0.1610 
ae = 


current, large-scale American practice. 
Overhead and administrative expenses 
have been assumed as 60% of the direct 
labor costs. This overhead does not in- 
clude social security, workmen’s com- 
pensation, vacation pay, etc. These items 
have been included as “taxes, annuities, 
insurance, etc.,”” under capital costs. 

Total Process Units is a summation 
of the preceding columns. It gives the 
cost of pipe-line gas as delivered to the 
pipeline at 1,200 Ib./sq.in. based upon 
$4.00/ton fuel and $0.019/M_ std.cu.ft. 
for methanization catalyst when these 
units are supplied with utilities at the 
costs shown in Table 9 for $4.00/ton 
fuel. The effect of changes in cost of 
the utilities can readily be applied to 
these costs to find the effect on final 
product cost. 

Under Overall Total the cost of the 
entire plant is presented including the 
utility-producing units. In this column 
the effect of changes in the cost of 
process raw materials can be observed. 
All costs based on capital are increased 
by the investment in utility-producing 
units. Labor are likewise in- 
creased. This column shows that the 
principal variables in the cost of fin- 
ished gas are the cost of fuel and 
methanization catalyst. 

Inspection of Table 8 shows that gasi- 
fication represents 75% of the total cost 
of producing high-B.t.u. pipe-line gas. 
The cost of initial purification is 11% 
of the total, methanization is 2%, final 
purification 2%, final gas compression 
2%, and auxiliaries are 8%. If the 
auxiliary costs are proportioned among 
the other costs, the total cost of produc- 
ing the purified Lurgi gas is 93.5% of 
the total. The remainder of the cost is 
about evenly distributed between meth- 
anization, final purification, and final 
gas compression 

\ll these calculations have been based 
on a hypothetical fuel which produces 
no tars or oils on gasification. Since 
tuels no tars and are 
rarely obtained, the gasification unit is 
designed to handle the by-products 
formed, Tar storage and loading facili 
ties are furnished. 


costs 


containing oils 


Provided that a coal has noncaking 
properties which allow it to be charged 
directly to the Lurgi gas generator, the 
tars and oils which will be recovered 
will have a greater value than the coal 
irom which they are prepared. The in- 
crease in value must be used as a credit 
to reduce the cost of pipe-line gas. For 
example, assume that a particular non- 
caking coal will yield 30 gal./ton ot 
tars and oils having a value of 8 cents/ 
gal. Such tars and oils can be assumed 
to have a heating value of 150,000 
B.t.u./gal. (18,000 B.t.u./Ib.). Then the 
heating value of the tar separated is 
30 X 150,000 = 4,500,000 B.t.u./ton of 
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COST OF GAS,¢/ MSCF 


o 620 o 40 «650 60 30 c 


60 
COST OF FUEL, $/ TON 
Fig. 2. Effect of fuel cost. 


coal charged. Due to this loss in heating 
value we must charge 26,000,000/ 
26,000,00 — 4,500,000 = 1.21 tons of coal 
instead of the 1.0 tons previously used 
as a basis of this report. This is a daily 
requirement of 5451 tons of process coal. 
The saving effected is as follows: 


Original cost of process coal 4505 « $4.00 = 
5451 x $4.00 
5451 x & $0.08 


Process coal with tar recovery 
Recovered tar credit 


Net cost with tar recovery 


Saving with tar recovery 


* This is equivalent to 929,800/100,000 


Effect of Fuel Cost. The effect of 
variation in fuel cost is shown in Figure 
2. Costs of utilities at two different fuel 
costs have been shown in Table 9. The 
effect of fuel cost on the over-all cost 


SPACE VELOCITY 


600 4 
CATALYST PRODUCTIVITY 


(6s wscr / 


METHANIZATION COST 
VOLS / vou / mR. 


CONS TaNT 


of the gas and on the cost of the indi- 
vidual utilities is linear. The rate of 
change depends upon the portion of the 
cost of the individual utility which de- 
pends upon energy. 

Charge to the Lurgi gas generators 
must be relatively noncaking. A desir- 
able feature of this generator is its 
ability to recover tar and light oil from 
the charge. The value of this by- 
product is greater than that of the fuel, 
resulting in a credit which may be used 
to reduce the cost of the fuel. Caking 
coals must be pretreated before entering 
the generator. This may be done by: 


1. Low-temperature carbonization 
2. Weathering 
3. Oxidation 


Such pretreatment is beyond the scope 
of this paper except as it may affect the 
cost of the generator charge stock. 


Effect of Methanization Catalyst 
Costs. The cost of methanization cata 


= $18,020 
$21,804 
13,082 
8,722 


9,298 /day* 


9.30 cents M std.cu.ft. of pipe-line gas. The | 
net cost of the pipe-line gas then becomes 55.35 


— 9.30 46.05 cents/M std.cu.ft 


lyst is dependent upon two factors— 
initial cost and catalyst life. Initial cost 
must include the cost of catalyst deliv- | 
ered at the converter plus the cost of | 


CATALYST COST 
PIPELINE Gas 


Fig. 3. Methanization cost 
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dumping the spent catalyst and refilling 
the converter. Figure 3 shows the rela- 
tionship between converter hourly space 
velocity (cu. ft./cu. ft./hr.), catalyst 
cost ($/lb.) and methanization cost 
(¢/M std.cu.it. of pipe-line gas). It 
must be noted that hourly space velocity 
is calculated upon the basis of purified 
raw gas charged to the reactor, inde- 
pendent of recycle rate. Cost is based 
upon the final pipe-line gas following 
removal of carbon dioxide and water. In 
this figure it has been assumed that 
catalyst productivity is constant. 

For this study the catalyst has been 
assumed to be nickel-alumina_precipi- 
tated on 5¢-in. ceramic Raschig rings 
or nickel-alumina Raschig rings. The 
cost of such a catalyst is estimated to 
be $1.25/lb. (10). Its productivity has 
been assumed to be 65 M cu.it. of pipe- 
line gas/lb. (equivalent to six months’ 
life at 2,500 space velocity). This is 
equivalent to a catalyst cost of 1.92 cents 
/M std.cu.ft. of pipe-line gas. 

_ Figure 3 demonstrates that the over- 
all cost of methanization is slight. The 
limiting conditions appear to be a mini- 
mum space velocity of 600 coupled with 
@ maximum catalyst cost of $1.25/Ib. 
Under these conditions the cost of 
Mmethanization is approximately 1.77 
tents/M std.cuft. If space velocity can 
be raised to 5,000 and catalyst cost re- 
@uced to $0.625/lb., methanization will 
ield a credit of 0.03 cents. Commercial 
perations can be expected to fall within 
ese limits. Thus the maximum varia- 
jon in methanization costs is 1.80 cents, 
std.cu.ft. Such a range is indicative 

f the small effect that methanization 
has upon the cost of the process as a 
whole. 


Process Efficiency. The over-all ther- 
Mal efficiency of coal conversion has 
Been calculated. The input, shown in 
Table A, is based upon gas generator 
and boiler fuel charged. 

It should be mentioned that the effi- 
ciency is essentially independent of the 
by-products recovered from the coal. 
When stocks with higher amounts of 
recoverable by-products are charged to 
the generator the amount of recoverable 
tar and oil will increase but it will be 
necessary to charge additional coal in 
order to produce the same amount of 
CO and Hy,. These two effects will ap- 


Carben steel 


5% Cr, 0.5% Mo steel 


Type 304, 18% Cr, 8% Ni steel 
Copper .. 

Admiralty metal 

Cupro-nickel 


80-2¢ 
Tin 
Aluminum 


proximately balance, resulting in prac- 
tically unchanged efficiency. 


Requirement of Construction Ma- 
terials. It has been estimated that a 
plant designed to produce 100 million 
std.cu.ft./day of pipe-line gas will re- 
quire materials of construction as given 
in Table B. 

From this it can be seen that a plant 
designed to produce 300 million std.cu. 
ft./day of pipe-line gas would require 
approximately 94,000 tons of iron and 
steel and 3450 tons of nonferrous alloys. 

By comparison, delivery of the same 
amount of gas at the plant site from 
the Texas gas fields can be assumed to 
require about 800 miles of 26-in. pipe 
line. Such a line would require ap- 
proximately 200,000 tons of steel if cen- 
trifugal compressors and gas-turbine 
drives are used. Reciprocating compres- 
sors would increase the requirements 
for cast iron and nonferrous materials. 
Thus it can be seen that the coal-to-gas 
plant requires less than half the steel and 
other metals of a pipe line of the same 
gas capacity. 

In this comparison the steel required 
by the coal mining and preparation 
plants and by the gas production and 
gathering systems has not been consid- 
ered. This also would heavily favor gas 
from coal. 


Summary 


It has been estimated that the invest- 
ment of a plant designed to produce 100 
million cu.ft./day of high-B.t.u. pipe- 
line gas is approximately $52.5 million. 
The cost of larger plants will be propor- 
tional to their size. The cost of produc- 
ing the gas has been shown to be 55 
cents/M_ std.cu.ft. when the charging 
stock is a noncaking coal or char having 
a heating value of 26 million B.t.u./ton 
and containing no tar-forming mater- 
ials, available at $4.00/ton. 


TABLE A 


Input 


Gasification 4505 
Boiler fuel 


Total 


Output 


Pipeline gas 


Over-all efficiency 
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tons 


day 117.1 


6313 tons 


100,000 M 


10° B.t.u./day 
47.0 


day 164.1 * 10° B.t.u./day 


std.cu.ft. day 91.5 * 10° B.t.u./day 


91.5/164.1 = 55.8% 
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This study has shown that the cost of 
methane from coal is closely related to 
the cost of coal. With fuel costing 
$4.00/ton, fuel represents 45% of the 
cost of gas (at $8.00/ton it is 60%). 
The over-all thermal efficiency of this 
process compares favorably with other 
processes for converting coal into more 
readily available forms of energy. 

It has also shown that more than 90% 
of the cost of producing high-B.t.u. 
pipe-line gas lies in the production of 
the purified synthesis gas. Therefore, 
efforts to reduce the cost must be di- 
rected toward reducing the cost of the 
synthesis gas. Proper selection and pre- 
treatment of the coal to allow its intro- 
duction into the gas generator without 
prior removal of its tar and oil content 
will effectively reduce its cost, resulting 
in lowered gas cost. 
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Discussion 


H. S. Anders (Standard Oil Devel 
ment Co., Elizabeth, N. J.): Will you 
explain further, if possible, the sulfur- 
removal process. 

H. R. Jones: It is a process devel- 
oped in Germany and employs a selective 
solvent at low temperatures. That is all 
we are at liberty to say at present. It 
is a process proven on pilot plant scale 
and is going to be used on a plant scale 
at a Fischer-Tropsch plant which is 
now being built in South Africa. 
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Loyal Clarke (Day & Zimmermann, 
Philadelphia 3, Pa.): For the coking 
coal, such as the Pittsburgh steam coal, 
what pretreatment would you use? 

H. R. Jones: Pretreatment can be 
done in several ways: by oxidation, by 
low-temperature carbonization, and by 
weathering. There is a new process of 
controlled oxidation which can also ac- 
complish the same result. 

Loyal Clarke: If you did it by low- 
temperature carbonization and took your 
gas from that and added it to your 
methane, could you thereby reduce the 
over-all cost? 

H. R. Jones: Yes, you could, but you 
must remember that if you do that you 
are putting in heat to give you your 
initial carbonization. We have not stud- 
ied coal carbonization because there are 
other companies much better prepared 
to give information on coal preparation 
but we have assumed for the purpose of 
this paper, that noncaking coal is avail- 
able at the plant site and we have taken 
$4.00 as the cost laid down in our stock- 
pile. 

Anonymous (sso Standard Oil Co., 
Baton Rouge, La.) : Have you had any 
estimates on when it might be competi- 
tive, taking into consideration. the trends 


in natural gas and coal prices, the de- 
mand for natural gas, for various chem- 
icals, etc.? 

H. R. Jones: We do not have an es- 
timate of the time when pipe-line gas 
from coal will be competitive with na- 
tural gas. As you indicate, the question 
is a complex one because of the several 
factors involved. On the basis of present 
trends of these variables, we do believe 
that pipe-line gas from coal will be com- 
petitive with pipe-line natural gas in 
the not too far distant future. 

Anonymous: Is gasification in the 
vein itself practical? I hear it has been 
carried on in some of the Alabama veins. 

H. R. Jones: The work done at Gor- 
gas, Ala., has not yielded anything but 
a low B.tu. gas. Air is being used as 
a means of gasification. The Bureau of 
Mines has indicated that the gas coming 
up is suitable for gas turbines. I don’t 
think it has made any further claims at 
present. 

C, M. Henderson (Linde Air Prod- 
ucts Corp., Tonawanda, N. Y.): I didn’t 
hear the price or purity of oxygen that 
you might be using in your process. 

H. R. Jones: This is tonnage oxygen 
of 95% purity. The cost of the oxygen 
depends upon the cost of the utilities. 


We do have an attractive price for oxy- 
gen here, i.e., it ran $3.37/ton based on 
$4.00 coal. Then the cost of compres- 
sion was about 60 cents, making it just 
about $4.00 a ton going into the Lurgi 
unit. 

C. M. Henderson: Have you given 
any consideration to the use of lower 
purity oxygen in this process and how 
it might affect the costs? 

H. R. Jones: It is not practical to go 
much lower than 95% purity because 
all the nitrogen which remains in the 
oxygen is going to remain as a diluent 
in the gas. A purity of 90% would re- 
duce the B.t.u. value of the gas so it 
would not be possible to make 900 
B.t.u.’s /cu. ft. 

C. M. Henderson: Have you the fig- 
ure for how many tons of oxygen per 
ton of methane can be produced ? 

H. R. Jones: In this setup we have 
twenty-one Lurgi generators in opera- 
tion with two as spares. They consum@€ 
2100 tons/day of 959% oxygen and pros 
duce 100 million std.cu.ft./day or 2180 
tons/day of pipe-line gas. This is ape 
proximately one ton/ton. 


(Presented at A.1.Ch.E. Forty-fourth 
Annual Meeting, Atlantic City, N. J.) 


PRACTICAL THERMODYNAMICS 


GEORGE GRANGER BROWN and CEDOMIR SLIEPCEVICH 


University of Michigan, Ann Arbor, Michigan 


A first lecture in thermodynamics, a simplified version of a 

complex study. Here two authors approach the subject in a 

vigorous manner which will clarify its practical applications to 
chemical engineering problems. 


HERMODYNAMICS in its broad 

aspect is the philosophy of energy. 
Energy itself is entirely a concept of 
the human mind. The title therefore 
connotes a practical philosophy of a 
mental concept, energy. The philosophy 
herein suggested has proved more prac- 
tical than the classical presentation in 
that it more quickly becomes a powerful 
tool of the student. It is not a method 
of solving problems by the application 
of equations howsoever derived. 
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Heat, Work and Internal Energy 


One of our first sense perceptions is 
the distinction between hot and cold. 
Two bodies when placed in contact in- 
teract to approach the same degree of 
hotness, or, as we say, the temperature. 
In order to explain these changes in 
condition we say energy is transferred 
from a hot body to a cold body and we 
have formed the habit of saying that 
heat (energy) flows from the body at 
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the higher temperature to the body at 
the lower temperature. According to 
this common usage, heat designates that 
form of energy in transition which is 
caused to flow by a difference in tem- 
perature. The difference in temperature 
between two bodies is a measure of the 
potential available for overcoming resis- 
tance to the flow of heat (energy) be- 
tween these bodies, and we say tempera- 
ture is the intensive factor of heat. 

The term heat has a definite meaning 
only as the energy in transition or 
transferred in this manner. Whatever 
energy has been received by a body be- 
comes part of the energy content or 
internal energy of that body and can 
no longer be identified as heat. These 
Cefinitions may appear arbitrary, but 
they conform to common usage. In any 
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case the definitions must be precise for 
an accurate understanding and exchange 
of ideas, 

As a means of clarifying the distine- 
tion between heat (energy in transition 
to the system designated by q) and the 
increase in internal energy (AU), con- 
sider a closed system of constant volume 
composed of a pail of water containing 
an agitator. The system is designated 
as a closed system because no material 
of any kind is to be added to or taken 
from the system during the process to 
be considered and not because its volume 
is constant. It has been determined that 
the total system (pail, agitator and 
water) has a “water equivalent” of 20 
Ib. of water, that is, 20 B.t.u. of energy 
are required to increase the temperature 
of the system 1° F. 

If the temperature of the system is 
fmcreased from 70°F. to 90°F. by 
@bsorption of heat from hot gases from 
@ fire, we say the energy content of the 
system has been increased (AU) by 
400 B.t.u. Because there was no source 

this energy other than that trans- 
bee from the hot gases we conclude 
that the 400 B.t.u. of energy was ac- 
q@ired by heat transfer to the system 
afd therefore q = 400 B.t.u. 

Exactly the same change in the con- 
the system be brought 
yut without the transfer of any heat 
atever. By driving the agitator me- 

by lowering weights 


ion of may 


nically, as 
arded by the agitator, the system may 


orb 31,120 ft. Ibs., or 400 B.t.u. of 

rgy and the temperature thereby in- 

ased from 70° F. to 90° F. As before 
this energy cannot be identified as 
m@chanical energy or work but simply 
a® an increase in internal energy 
(4U = 400 B.tu.). Conforming to 
CG@mon usage the work done on the 
clésed system (—w) is 400 
g 

Following the last described process 
it would be possible to remove 400 B.t.u. 
of energy (—Al’) from the closed sys- 
tem as heat (—q) thereby bringing. the 
system back to the original state of 
70° F. The total change resulting from 
these two processes would be simply the 
conversion of 31.120 tt. of potential 
work energy into 400 B.t.u. of heat. 

Energy (Heat) Capacity. !n the ex- 
ample cited, the increase in the internal 
energy of the system may be expressed 
in terms of the increase in temperature. 
The increase in energy per degree rise 
in temperature at constant volume, 
(dU /dT), may be multiplied by dT and 
the expression (dU /dT),dT integrated 
over the temperature limits. The ex- 
pression (dU /dT),, designated by C,, is 
generally miscalled the heat capacity 
(or specific heat), at constant volume 
although it may have no more relation- 
ship to heat than it does to work. 


be- 
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Entropy. Energy may be transferred 
in the form of heat from a mass of 
material without the material undergo- 
ing any change in temperature as when 
steam is condensed to water at a constant 
temperature. This energy transferred as 
heat is related to a change in some 
property of the system other than tem- 
perature. This property must be an ex- 
tensive property whose value depends di- 
rectly upon the extent of the system. 
The change in the value of this exten- 
sive property must be proportional to the 
heat which is absorbed or given off by 
the material at the specified temperature. 

This extensive property is called en- 
tropy (5S). It bears the same relation- 
ship to thermal effects as weight bears 
to potential energy effects. If 1000 ft. 
Ib. of energy are removed as potential 
energy from a system at a constant ele- 
vation of 100 ft., the weight of the sys- 
tem has been decreased by ten pounds 
force (foot pounds force per foot). 
Similarly, if 1000 B.t.u. are removed as 
thermal effects or heat from a system 
at a constant temperature of 500° R., 


Lost Work. Because, as commonly 
used, fTdS does not differentiate be- 
tween heat and loss of potential energy, 
another expression (/w) is used to 
designate all potential work dissipated 
in overcoming resistances or in irrever- 
sibilities or “lost work.” It represents 
the energy that might have been evident 
as work if it had not been so dissipated. 
Accordingly 


STdS = q + (iw), (1) 


The First Law 


According to these conceptions the 
accumulated experience of mankind 
indicates that energy and mass may 
change in form but are not destroyed 
in any process. This First Law is the 
basis for the energy and material bal- 
ances familiar to all chemical engineers. 
For the general case of an open system, 
that is, a system to or from which ma- 
terial as well as energy may be added 
or removed, the accumulation of energy 
and mass in the system equals the energy 
and mass added less the energy and 
mass removed. 


A[U + mgZ + mv? /2] = 
[U, + PY, mgZ, my? /2) + 


Accumulation, 
Energy added with mass, 


heat added 


Energy removed with mass, + m,v2/2] — 


work done w 


(2) 


where U = internal energy; as writ- 
ten this term includes all the energy 
associated with matter except the 
energy related to position and motion. 
What effects are or are not included in 
U is a matter of convenience. The im- 
portant consideration is a clear and de- 
finite understanding as to what is in- 
cluded 


the entropy of the system has heen 
decreased (—AS) by 2 B.t.u./° R. 

In heat transfer where a quantity of 
energy is transferred as heat from a 
body at a high temperature 7, to a body 
at a lower temperature 7), the quantity 
of energy removed from the hot body 
(—AlU) as changes in thermal effects 
(—fT,dS,) is numerically equal to the 
quantity of energy absorbed by the 
colder body (AU,) as thermal effects 
(fTodS.). Since Ty, is less than T,, it 
follows that AS, is greater numerically 
than AS,. 

The increase in internal energy by 
thermal effects (f{TdS) may be brought 
about without the absorption of heat but 
by the dissipation of mechanical or other 
forms of energy in overcoming 
tance. In the case of the pail of water 
discussed above (TdS equals 400 B.t.u, 
in either case, whether the energy was 
supplied by the absorption of heat or 
by the dissipation of potential work. 

The expression f7dS represents the 
increase in energy content (AU) due to 
or accompanied by thermal effects and 
includes both those thermal effects 
created by heat transfer and those ther- 
mal effects created by the dissipation of 
mechanical or potential energy as in 
overcoming resistances. 


= mass 
acceleration of gravity 
elevation above a datum plane 
= energy of position, potential 
energy 
= velocity 


energy of motion, kinetic en- 
ergy 
= pressure 
= volume 
= mechanical energy carried by 
material, the energy re- 
quired to push the material 
into or out of the system 
energy in transition or trans- 
ferred directly to system as 
heat independent of any 
material transfer 
work or energy other than 
heat transferred directly 
from system independent 
of any material 
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Subscripts « and e denote pro- 
perties of material in and out, 
or of inlet and exit streams, 
respectively; properties of the 
material contained within the 
prescribed boundaries of the 
system are indicated by symbols 
without subscripts. 


If the system is closed, that is, no ma- 
terial crosses the boundaries of the sys- 
tem, the first law leads to the simplified 
equation : 


A[U + mgZ + mzv*/2] = q—w 
(3) 


Open and Closed Systems 


Actually the only difference in the two 
systems, open or closed, is in the point 
of view used in defining the system. 
Whichever is more convenient should be 
used as both viewpoints lead to the same 
conclusions. 


Example 


An insulated tank of 50-cu.ft. capacity 
containing saturated steam at 14.7 Ib./sq.in. 
abs. is connected to a steam line maintained 
at a constant pressure of 50 Ib./sq.in.abs. 
and 10° F. superheat. Steam is allowed to 
flow slowly into the tank until the pressures 
become equal at 50 Ib./sq.in.abs. Compute 
the final condition of the steam in the tank, 
assuming no heat transferred from the tank 
and neglecting any change in temperature 
or volume of the tank itself 


Open System Analysis. The system is 
defined as the steam within the tank at any 
instant, and the mass of the system will 
vary during the course of the process. The 
increase in internal energy of the system 
(Us—U;) equals the energy carried into 
the system by the steam which flows into 
the tank, PW), because = 0, 
w o, nothing leaves the tank and changes 
in position and motion are negligible 


AU = U,—U, Uct+PWs (4) 
Since, = me—m, by mass balance, 
and H = U + PV by definition (5) 
Ue \ 
[( ) (ms) ] [ m, 
Hy 
{ ) (one — m:) (6) 
my 


In Equation (6) afl terms are known ex 
cept (Us/me) and ms. 
From the steam tables: 
U; \ — 
= 1077.55 Bt.u./lb. (saturated at 
\ 
14.7 Ib./sq.in.) 


= 1179.44 B.t.u./Ib. (superheated 


ms / 
10° at 50 Ib./sq.in.) 
50 50 
m = Vi/m, = 1.865 Ib. 


However, the steam tables constitute 
another equation between specific energy 
(U/m), pressure, and volume or tempera- 
ture, and since P, is 50 1b./sq.in.abs. and 
the volume V is known there are two in- 
dependent equations for the two unknowns 
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and m, may be determined by Equation (6) 
as follows: 


) (ms) ] — (1077.5) (1.865) ] 
= [ (1179.44) (ms — 1.865) ] 


Assume for trial that 7, = 400° F. Since 
P. = 50 tb./sq.in.abs. the steam tables give 
(Us/mz) = 1141.9 B.t.u./Ib. and (V2/m.) 
= 10.065 cu.ft./Ib. Since m, equals the vol- 
ume of the tank divided by the specific 
volume of the steam in the final state, 
m, = 50/10.065 = 4.955 lb. These values 
satisfy the above equation. Therefore the 
assumed final conditions of the steam in the 
tank, P: = 50 Ib./sq.in.abs. and 7, = 400° 
F. are correct. 


Closed System Analysis. The same 
process may be conducted in the same way 
with the boundaries of the system so defined 
as to include at all times all the fluid finally 
in the tank. This system includes the steam 
initially in the tank, and the steam initially 
in the steam line which flows into the tank 
during the process. So defined, the system 
is a closed system of changing volume with 
work being done on the system but with 
no heat transfer. The work done on the 
system is that required to force the steam 
in the main line into the tank and is equal 
to the pressure exerted by this steam 
times the initial volume of this steam 
initially in the steam line which flows into 
the tank. 

For this closed system, g = o and with 
negligible gravitational and kinetic effects, 
Equation (3) becomes 


AU = U,—U, = —w (7) 


In this closed system the initial internal 
energy U, includes both and of the 
open system, Equation (4); and —w of 
Equation (7) equals P.l’; of Equation 
(4). Therefore Equation (7) may be re- 
duced to Equation (4). This may be made 
clear as follows: 


where subscript ¢ refers to the accumulator 
tank and s to the main steam line 


wt [ im) 


— Com (mh). 


and 


Substituting the above relationships in 
Equation (4) gives (8) 


which is identical to Equation (6) since 
U; 
[| ) com) | = [(- ) cm) ] 
my ‘ my 
and 
Us 
and 
H, H 
ie ) (ms) m 
Thus, the same result, as would be ex- 


pected, is obtained irrespective of whether 
the system is defined as closed or open 


‘ 
) — m;) 
‘ 
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Steady Flow 


In steady-state flow, the properties of 
the system do not change with time, and 
there is no accumulation of energy or 
mass in the system. The first term of 
Equation (2) is zero, and the equation 
can be rearranged to yield the familiar 
flow equation: 


m,v,2 


[ PV, + mgZ,+ “| 


q-w (9) 
The Second Law 


The second law may be regarded as a 
work balance corresponding to the en- 
ergy and material balance of the First 
Law. Wherever the engineer is con- 
cerned with the efficiency of ‘an opera- 
tion, the work balance is far mor€ 
important than the simple energy bale 
ance. 

Equation (2) may be used as followg 
with the elimination of heat, q, to exe 
press a work balance. 


mo? 
H,+mgZ,\+—— +4 
= af v + magZ + 
H, + + + 
Ry an entropy balance 
S,+4@/T+ =aS+S, 
qr = TAS + TS, (lw) F 
(109 
For the temperature T, : 
{ 
H,— TS, + mgZ,+—— 
mr? 
a(v TS + + 
H,— TS, +m,9Z, + 
w+ (lw) (11) 


Isothermal Process 


For an isothermal process in which 
material supplied at conditions repre- 
sented by subscript i is to be converted 
completely into material of the condi- 
tions represented by subscript ¢ and de- 
livered with no accumulation of material 
or energy during this transfer, the 
work obtained during this transforma- 
tion and delivery under the given con- 
ditions is represented by the following 
equation obtained by combining terms 
and substituting the value G in Equation 
(11). 
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By definition 
U+PV-—-TS =H-TS 
(12) 


G= 


(w + lwp Wrey. = + 


mg(Z,— Z,)7 + m/2(v? 


ver 
(13) 


The maximum quantity of work that 
could be obtained from such a process 
which involves only the material trans- 
ferred from state i to state e is the sum 
oi, w + /w. This quantity is referred to 
as the reversible work. It is determined 
entirely from the properties of the ma- 
terial in the two states. The value for 
the reversible work, w,,,., represents the 
maximum energy which is available to 
overcome resistance to the indicated 
change in state. When there is no en- 
ergy available to overcome resistances 
Mo an indicated change from one state to 
Another state the two states are consid- 
ered to be in neutral or balanced equili- 
brium as there is no tendency for state 
# to transform into state ¢ and no tend- 
@ncy for state e to transform into state i 
the conditions stated. 

This equation is therefore of direct 

se not only in indicating the quantity 
f work required to bring about a given 
othermal change but also to indicate 

e conditions of isothermal equilibria 

tween two states under the restraints 

cluded in the equation. 


Example 


FA natural gas well one mile deep has 
Been shut in for a long time so that equili- 
Brium conditions exist throughout the 
Bneth of the well. The pressure at the 
@p of the well is 2000 tb./sq.in.abs. The 
@miposition of the gas at the top is 90% 
Methane and 10% ethane. The temperature 
i§ uniform and constant at 100° F. through 
¢' the well. Compute the pressure and 
nposition at the bottom of the well 

In this case there is no chemical reaction 
involved between the constituents. The only 
changes are in mole fractions of the 
methane and ethane. Therefore equilibrium 
exists between the methane at the top of 
the well and methane at the bottom of the 
well, and likewise for ethane. Writing the 
work balance for each of the two consti- 
tuents of the gas and placing we. equal to 
0, Equation (13) may be written for unit 

mass as, 
0 


Assuming ideal gases, for simplicity, and 

setting ° 


In { ) 


Vi { xP. 


For methane: 
1544 (560) 


0.9(2000) 
r.P. 
1800 


5280 


In (. ) = 0.0977 
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SP 


1800 
= 


= 1.1026 
1984.68 


[- 1— 
| 2000) 
(1—s.)P. 

200 
(1 — #.)P. 
200 
P.—<x.P. 


For ethane: 
1544(560) 


In = 0.1832 


= 1.1978 


239.56 


(15) 


Solving the two simultaneous Equations 
(14) and (15). 
P, = 2224 tb./sq.in.abs. 
x, = 0.892 mole fraction methane 
1 — x, = 0.108 mole fraction ethane 
Deviations from ideal gas behavior may 
be included by incorporating the compres 
sibility factor with the assumption of ideal 
solutions and the activity coefficient, giving 
a pressure of 2300 lb.sq.in.abs. and a com- 
position of 88% methane and 12% ethane 
at the bottom of the well. 


Electrical Effects 


If electrical effects are present, they 
are most conveniently introduced in the 
same way as the potential energy. Equa- 
tion (13) then becomes 


m 
(G,— ( 


which equation may also be written as 
for an isothermal change be- 
tween two states of unit mass: 


follows 


VFAE = 


A(t 
AG, + AZ + 


(16a) 


where 


V = number of hydrogen equivalents 
F = Faraday 
E = electrical potential 


This toward isothermal 
equilibrium considers only the neutral 
or balanced equilibrium 
It corresponds to, 
but is not the same as, the neutral or 
balanced equilibrium state and must not 
be confused with the so-called stable or 
unstable equilibrium states of a system 
in respect to infinitesimal changes 
treated by Gibbs. 


approach 
between two 
states or conditions. 


Availability 


In engineering practice the system or 
the material under consideration is al- 
ways related to its immediate surround- 
ings and the interaction of the surround- 
ings with the system is considered in 
determining the useful work that can be 
obtained from a process. In general the 
surroundings possess definite properties 
of temperature and pressure. The tem- 
perature of the surroundings determines 
the lowest temperature at which heat 
may be transferred to the surroundings 
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from the system and the highest temper- 
ature at which heat may be absorbed 
from the surroundings. 

Consider material (which might be 
steam) flowing through a system (which 
might be an engine). If all heat trans- 
ferred to the surroundings is so trans- 
ferred by reversible heat engines oper- 
ating between the temperature in the 
system, 7, whatever it may be and the 
temperature of the surroundings, T,, 
Equation (10) becomes 

q = T,AS +T,S, (lw), 

(17) 


A work balance corresponding to 
these conditions of reversible heat trans- 
fer is obtained by eliminating, q, from 
Equation (9) by substituting Equation 
(17) with no accumulation, T,AS = 0. 


w+ (lw), = (H,—H,) — To(Si— Se) 


(ot ~ 
+mg(Z,—Z,) +m (- — =) 


(18) 


The above expression represents the 
decrease in availability referred to the 


(16) 


—v*) + NFE, — NFE, = Wre 


temperature T,, of the material in flow- 
ing from i to ¢ and is frequently repre- 
sented by AB. It is applicable to mater- 
ial in steady flow and represents the 
decrease in ability of the material to do 
useful work in cooperation with its sur- 
roundings in flowing from state 7 to 
state ce. If the temperature of the mater 
ial is constant and equal to the reference 
temperature (of the surroundings) 
Equation (18) becomes identical with 
Equation (13). 

Similarly, for closed systems in which 
no material is transferred across the 
boundaries of the system, the work bal- 
ance may be written as follows: 

w + (lw), = AU—T,AS 4 


mqaZ + - (19) 


For the case where the system expends 
work energy by the movement of its 
boundaries against the pressure of the 
surroundings, P,, the amount of energy 
PAV is not available to overcome resis- 
tance, or is not useful work, and Equa- 
tion (19) is frequently written, 


[w+ (lw), + PAV] = = AU — 


mA 


+ PAV + + (20) 


(Presented at A.1.Ch.E. Rochester 


(N.Y.) Meeting.) 


° 
4 
= —5280 
t 
' 
| 
rh 
4 
5 
= 
; 
eX 


circulation caused by skin friction. 


ROSS motion 
tance-velocity 


means the time-dis- 
relationships of the 
drop as a whole. As a typical case, 
consider the force balance for the ver- 
tical motion of a drop through a stag- 
nant continuous phase of infinite extent: 


= — d39(p,— 
6 dé 6 9(% — Po) 


rt. 


(1) 


The drag coefficient, cp, is defined as, 


Drag 


> 4 
2 
(Frontal Area) { 


Because of the undefined shape of a 
drop, the geometry is usually assumed 
as spherical, and the value of cp allowed 
to vary to adjust this assumption to the 
actual facts. To solve Equation (1), 
the drag coefficient must be known as 
a function of the other variables. Di- 
mensional analysis for this case yields, 


Po =) 
Ki 


(2) 


= Su, Wt, Ac, 


(3) 
where 
dl’ 
Re = (4) 
Ho 
4 
Su = (5) 
1 
We = d| |” 
3 
4 d dV 
iit 7 


The analysis of the motion is greatly 
complicated by the period of accelera- 
tion and by the fluid nature of the drop. 
Accordingly, the extension of Equation 
(3) to allow for containing walls and 


Shell 
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THE MECHANICS OF DROPS 


R. R. HUGHES * and E. R. GILLILAND 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


As a preliminary to a general study of mass transfer in fluid particle 
systems, a review and analysis were made of the mechanics of drops. 
The general review presented includes both the gross motion of drops 
and the detailed motion in and around individual drops. The emphasis 
of the review is on new concepts and correlations in connection with the 
effect of acceleration on drag, the equilibrium distortion, and the internal 


for continuous-phase motion and turbu- 
lence will not be considered, although 
it should be noted that these effects are 
often a major source of disagreement 
between experimenters. For steady mo- 
tion of solid shapes, cp becomes a func- 
tion of Re alone, as shown in Figure 1 
by the lines for spheres and disks. These 
lines are obtained by a critical compar- 
ison and evaluation of the data in the 
literature. 

A major purpose of the remainder of 
this paper is to provide a means of esti- 
mating the more complicated function of 
Equation (3), although knowledge of 
distortion and detailed motion is also of 
value in itself. 


Since such measurements are limited to 
systems of steady flow, the important 
effect of acceleration on the drag has 


often been overlooked. Such otherwise 
excellent treatments of particle motion 
as those of Lapple and Shepherd (16) 
and Dallavalle (9) have made no men- 
tion of accelerational drag. Unfortu- 
nately, the few data available on accel- 
eration are limited to solid shapes. The 
combined effect of fluidity and accelera- 
tion can merely be conjectured. 


Acceleration in Creeping Motion. 
Fortunately, a mathematical solution 
for the case of very slow, or “creeping” 
motion is available for a guide to the 
effect of acceleration. The solution, first 
proposed by Bassett (2, 3) was com- 
pleted by Picciati (20) and Boggio (5). 
The whole was summarized by Bassett 
in a later paper (4). His final equation 
can be reduced to dimensionless var- 
iables and simplified to: 


V, V a 48 Pi 
Effect of Acceleration. The most I’, Va-VB x Po 
accurate and convenient methods of 
determining the drag coefficient function VB tag Ti 
are either a direct determination of drag Ve-VB Po 
in a wind tunnel or the measurement 
of terminal velocities of falling bodies. (8) 
10 
T 
+ + + + +> 


- 2 
ele! 
FLUID SPHERES 
S os 0) 


‘ 
LIMITING LAWS 
FOR LOW Re 


+ + + + + Se Bo 4 4 
0 20 so 100 200 500 2000 5000 6,000 
Po 
Fig. 1. Drag coefficients of spheres, disks, and drops. 


Spheres and disks pil 


of literat data. 


Drops—Equotions (26), (27), (28), and (30), and Table 1. 


Limiting laws (15). 
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Fig. 2. Velocity—time curves for spheres in creeping motion. 


Equations (8) 


(9) 


(10) 


(11) 


to (12), (4). 


(12) 


When p/p, > 0.625, a and B are com- 
plex. This disturbed Bassett, who 
thought there was some physical mistake 
in his solution. However, the imaginary 
terms cancel out and values calculated 
from Equation (8) are shown in Figure 
2. Values were calculated by both direct 
and series computations, as demanded 
by the values of a and B. The lines for 
no drag, Cp = 0, and for no accelera- 
tional drag, Cp = 24/Re, were obtained 


directly from Equation (1) using I’, 
from Stokes’ law. The significant effect 
of acceleration is clearly shown by the 
longer time required to reach the same 
velocity. This effect is shown even more 
clearly in Figure 3, which gives cp/cp,, 
the ratio of the true drag coefficient to 
that for steady motion, as a function of 
V/V, for the case of zero initial veloc- 
ity. In the region of complex a and 8 
(pi/Po > 0.625), Cp/cp, cannot readily 
be evaluated for V/V’, < 0.7, but from 
Figure 2 and the rapid change of cp/cp, 
with p;/p, just below 0.625, it is to be 
expected that the function rapidly re- 
duces to unity. 


Effect of Acceleration at Higher 
Reynolds Numbers. Laws (17) has 
reported measurements of the accelera- 
tion of drops, and a number of workers 
have obtained measurements of the ac- 
celeration of solid spheres. Allen (7) 
gives a few points for a single steel 
sphere in water (Re, = 2480). Al- 
though all of these correspond to veloci- 
ties greater than 65° of the terminal 
value, the lowest velocity points corre- 
spond to drag coefficients 10 to 20% 
higher than those for steady motion at 
the same Reynolds number. Cook (&) 
reports data for a large spherical mine 
case so balanced that the net weight was 
1 Ib. while the displacement was 1081 Ib. 
Again, the drag coefficients during the 
acceleration period are much larger 
than those for steady motion. 

Schmidt (25) studied wax spheres in 
water (p,/p,~ 1.0 to 1.1) and balloons 


+— Pj /Po 10° 
Pi 
Pi/Po = 0.5 


Pi/Po = 0.625 


SYMBOL 


Pi/ Po 6340 


"SYSTEM 
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STEEL IN WATER 
BRONZE IN WATER 
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Fig. 3. Effect of acceleration on drag of spheres in creeping motion. 
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Fig. 4. 
Correlation of volves (18, 19) for average over entire acceleration 
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in air (p;/p, ~ 0.60 to 1.0). His curves 
of velocity vs. time show a strong oscil- 
lation, which makes determination of 
drag coefficients by obtaining slopes 
practically impossible. Nevertheless, the 
acceleration is slower than would be 
predicted using steady flow drag coeffi- 
cients, thus confirming qualitatively the 
previously indicated dependence of drag 
on acceleration. 

The most extensive reported study of 
the acceleration of spheres is that of 
Lunnon, who worked with rubber, 
wood, stone, and steel spheres in air 
(18), and bronze, lead, and steel spheres 
in water (19). In addition to his orig- 
inal time-distance data, Lunnon evalu- 
ated steady flow drag coefficients, Coy 
and carried masses, b, for each sphere, 
using an equation which can be rewrit- 
ten in the present notation as, 


cp * Cp, —— Ac (13) 


This is used in Equation (1) and the 
values of Cp, and b determined by plac- 
ing the best straight line through a plot 
of dV /d@ vs. V?. Values of bg, re- 
ported by Lunnon can be reasonably 
well correlated as b,,/m vs. Re, (the 
terminal Reynolds number) as shown in 
Figure 4. The cp, values check reason- 
ably well with the steady-state curves. 
Unfortunately, these averages apply 
only to the acceleration period as a 
whole, since the plots of dl’ /d@ vs. 
are actually sinuous curves. Using the 
average values yields too low an acceler- 
ation for the first half a second, too high 
a value for the next two or three sec 
onds and again too low a value for the 
remainder of the acceleration period. 
Fortunately, Lunnon also observed that 
the motion in air during the first three 
seconds could also be well described by 
using a constant drag coefficient of 0.62. 
This obviously neglects the initial period 
during which even cp, exceeds 0.62. 

Drag coefficients for the acceleration 
of water drops were calculated from 
Laws’ (17) data by Williams (28). 
While the chief observed effect is an 
oscillation referred to below, there 
is a definite trend, as velocity decreases 
below about one half the terminal value, 
toward higher drag coefficients. 

As a general rule accelerational drag 
exists. The few spot checks made with 
the turbulent region results indicate 
larger values of cp/cp, than those for 
creeping motion. As a first approxima- 
tion, Figure 3 can be used to estimate 
the effect of acceleration. 


Distortion. Since the drag coeffi- 
cients are functions of the shape of the 
moving particle, any distortions would 
have a marked effect on the motion of 
a fluid particle. In addition, such dis- 
tortions would have an effect on the 
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Fig. 5. Pressure and surface force distributions 
for drops. Pressure distribution (10, p. 497). 


Surface force distribution—Equation (20). 


surface area, and thus on the rate of 
heat and mass transfer. The distortions 
are of two basic types; those of an 
equilibrium nature, and those of an 
oscillating nature resulting from vibra- 
tions about this equilibrium position. 
The pressure exerted by the surround- 
ing fluid on a moving sphere is not 
uniform. In Figure 5 the dashed line, 
taken from Goldstein (10), shows the 
pressure variation at the surface with 
axial distance. On the other hand, 
within a drop, since the fluid motion is 
slight, the pressure is uniform except 
for gravitational head. There is accord- 
ingly a difference in pressure across 
the surface which is supported by the 
surface forces according to the equation, 


n-n=e(- (14) 
Pi P2 


Thus the shape of the drop is dictated 
by the variation of p,; and ps, the radii 
of curvature. 

Unfortunately, since p, in turn de 
pends on the shape of the drop and is 
not known exactly even for a sphere, 
the theoretical calculation of the shape 
is impossible. The usual method of 
assuming that the distorted shape is a 
spheroid with its axis in the direction 
of motion will be followed. The equa 
tion of the surface is thus 


r+y 


—~—+-,=1 (15) 


The extent of distortion can then be 
expressed in terms either of the fineness 
ratio, 

h = b/a (16) 


or the eccentricity. When the spheroid 
is oblate, 

e=V1-/# (17) 
Since the volume of a spheroid is 
4/3 wa*b, in terms of the equivalent 
spherical diameter, 
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1 - 1 
a=—di-*; b- ah* 
(18) 
By the use of elliptic functions, the 
suriace area can be expressed as: 


l+h—\/1—h? 


This equation shows that the correction 
is not severe as long as /: > 0.8. For the 
prolate spheroid, a similar equation can 
be obtained. 

To provide some idea as to whether 
a spheroidal shape corresponds, even 
approximately, to the actual one, result- 
ing from the condition of Equation 
(14), Figure 5 has been prepared. The 
ordinate plotted has been evaluated by 
standard geometrical theorems 


lead to: 
i( 1 4 1 ) 
4\ P2 


§ 


which 


2 Vesa 


By consideration of Equation (14), it ts 
seen that this ordinate is proportional 
to pp — So that, since fy ts uniform, 
except for the linear gravitational effect 
the variation with 2z/b should corre- 
spond with that of p,. The figure shows 
that the assumption of spheroidal shape 
is quite reasonable, although, in agree- 
ment with the photographic evidence of 


Laws (17) and Henrickson (13), more } 


distortion is to be expected at the front 
than at the rear 

Previous Efforts to Predict Distor- 
tion. By carrying Stokes’ derivation ot 
drag on a sphere to a second approxi 
mation, in a somewhat different manner 
from Oseen, Saito (24) showed that the 
general equation of motion predicts dis 
tortion, even in the region of creeping 
motion. Complete experimental verifica 
tion of his equation has not yet been 
found, but it is interesting that experi- 
ment (28) with Saito’s 
equation in predicting a prolate spher 
oid for mercury drops and an oblate 
spheroid for water or organic liquids 

In the more useful and interesting 
range of intermediate and high Rey 
nolds numbers, Spilhaus’ recent ap 
proach (26) has considerable promise 
He suggests that the force tending to 
separate the drop laterally can be con- 
sidered as proportional to the area over 
which it acts and to kinetic head, 
p,’2/2g,, of the continuous phase. The 
dimensionless proportionality factor, 
termed the distortion coefficient, is 
similar to the drag coefficient, and was 
assumed constant by Spilhaus. 


agrees 
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The following analysis is an alternate 
development of Spilhaus’ concept that 
appears to avoid some of the intuitive 
steps of his procedure. 


Quasi-Thermodynamic Analysis of 
Distorting Forces. Consider as a ther- 
modynamic system a drop of liquid, to- 
gether with its surface, which is under- 
going a progressively increasing distor- 
tion because of an unequalized external 
pressure. The following assumptions 
can be made concerning this system: 


1. The system is reversible. This merely 
requires that the deformation occur 
so slowly that the viscous friction 
within the drop is negligible. 

The volume of the system is constant 
The system is adiabatic 

The system is isothermal. This re- 
sults from the mechanical nature of 
surface tension and assumptions (1) 
and (3). 

The deformed drop is spheroidal 
Actually, for the thermodynamic de- 
velopment, the only requirement is 
axial symmetry, but, for numerical 
evaluation, a more definite shape is 
cessary. 


The first and second laws of thermo 
dynamics and the concept of surface 
tension as free surface energy per unit 
surface yield the equations, 

dif” dA dS 


(21) 
da da da 


\ Here a is chosen as a convenient meas- 


of 


since it 
becomes 


the deformation, 
the deformation 
Hmore severe. By a consideration of the 


increases as 


effect of increasing distortion on each 
Selement of surface 8S, it is apparent that 
the work can be evaluated as 


da J8 da Ps 


Since the integrand of this equation is 
normal in form, it should be possible 
to obtain some suitable average. Then, 
by combination with Equation (21), 
aS dr 
S da | da lev 
(23) 
This average value can be considered as 
the average net pressure causing distor- 
tion. Thus, using the distortion coeffi- 
cient concept, 
or ds pp! (24 
= - 
S da 
or, in dimensionless terms, using the 
equivalent spherical diameter, 
1 d dS 


Su 2S da 


wy (h) 

(25) 
The function ¥ is then obtained by 
proper differentiation of Equation (19). 
Values calculated are included in Table 
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1. Thus for a given distortion, Reynolds 
number and surface tension group, the 
distortion coefficient can be calculated. 


Calculation of Distortion from Drag 
Measurements. Unfortunately, few 
measurements of the distortion of fall- 
ing drops have been reported, and those 
reported are only approximate. How- 
ever, by assuming distortion to be the 
only significant difference between the 
drag of drops and that of spheres, the 
distortion can be calculated from drag 
data. Reserving cp and Re for the 
values calculated using the diameter of 
the equivalent sphere, the true values 
for a spheroid are 


Drag 
naz 
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By wind-tunnel measurements at a 
Re’ value of 12,500, Riabouchinsky (22) 
found the following relation to hold for 
oblate spheroids of varying eccentricity, 


“p 
(28) 


In this equation, ¢p* for the sphere, cp’ 
for the spheroid, and cp” for the disk 
are all evaluated at the same value ot 
Re’. It is quite reasonable to extend 
this equation to any value of Re’, since 
the disk and the sphere are limiting 
shapes of a spheroid and do not greatly 
differ in drag coefficients. Actually 
Lamb’s derivation (15) of the laws for 
ellipsoids in the Stokes law region 
shows that Equation (28) does not 
quite follow the true function in this 
region, but the difference is slight and 
certainly unimportant since it applies at 
such low Reynolds numbers. 

Using experimental values of cp and 
Re for drops, Figure 1, and Equations 
(26)-(28), values of h can be calcu- 
lated for each set of measurements. 
Although a trial-and-error solution is 
necessary, only two or three trials are 
usually required. Then from the h 
values, #, can be obtained from Table 1 
and the distortion coefficient calculated 
by Equation (25). 


Experimental Correlation Based on 
Drag of Falling Drops. The procedure 
just explained was applied to available 
data on the drag of drops in gases, 
which was summarized by Williams 
(28). Unfortunately, the much more 
plentiful data on drops in liquids could 
not be used, since for these data the 
assumption of no difference between 
drops and spheres other than the distor- 
tion did not appear justified. Data used 
are all values of terminal velocity in 
air. They include measurements of 
Henrickson (173) on water, n-propanol, 
and nitrobenzene drops, and those of 
Watson (27) on methylsalicylate drops, 
but the correlation is based chiefly on 
Laws’ much more accurate measure- 
ments of water drops (17). 

From the calculated values of y, it 
was found that Laws’ data, which were 
already smoothed by him, can be almost 
exactly represented by the equation, 


y = 0.0102 Re’? (29) 


This equation is well supported by 
Watson’s data, but Henrickson’s data 
lead to y values about 10 to 60% high. 
However, Williams (28) states that 
these velocity values are probably not 
terminal velocities since the distance of 
fall not quite sufficient. The 
assumption that the data do represent 
terminal velocity would lead to high y 
values. 
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From Equations (25), (27), and 
(29), a new function is now defined and 
evaluated. 


0.0102 Su 
(30) 
Values of » vs. A and h vs. wy are given 
in Table 1. 


Photographic Observations of Dis- 
tortion, In making his velocity deter- 
minations, Henrickson obtained flash 
photographs of the falling drops. Ob- 
servation of these photographs shows 
that the drops do approach the shape 
of oblate spheroids. The chief defect is 
a flattening of the front end which even 
becomes slightly indented at very high 
distortions. The major objection to the 
above-mentioned development that 
the deviation from the spheroidal shape 
depends somewhat on the liquid in- 
volved. In view of the good correlation 
between Laws’ and Watson’s data, how- 
ever, it is likely that this will not cause 
severe errors. 

From these photographs, Henrickson 
obtained measurements of the lateral 
breadth, 2a, and the height, 2b, of the 
drops. The ratio, h = b/a, has been 
plotted in Figure 6, using drop diameter 
as a variable. Because measurements 
of drops 2 to 7 mm. in diam. could be 
made to an accuracy of only about 
+0.1 mm., and oscillations were prob- 
ably present, there is a considerable 
spread of the data points. Nevertheless, 
the trend is apparent and is well pre- 
dicted by the lines calculated from 
Equation (30) and Table 1. No assump- 
tion of terminal velocity is necessary, so 
that these figures constitute a more 
reliable use of Henrickson’s data than 
the y calculations. 


= 


Recalculation of Drag. Although the 
above-explained method provides a 
means of calculating the effect of dis- 
tortion on drag, it is inconvenient to 
use. By calculating cp — Re curves for 
chosen values of the parameter Su, a 
direct plot is possible, as in Figure 1. 
Values used for the plot are tabulated 
in Table 2. 

At terminal velocity it is more useful 
to replace cp, Re, and Su by the follow- 
ing new groups: 
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9Po| Pi Po 
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Fig. 6. Comparison of predicted and experi- 
mental distortions. Points represent data (13) 
for drops in air. Curves represent Equation (30) 


and Table 1. 
Su 
Sd = — 
Wt 
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Ko 4 o | Pi — Po | 
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The parameter Sd is independent of 
both diameter and velocity, and is thus 
fixed for a given combination of phases. 
Calculated values are plotted in Figure 
7, and tabulated in Table 3. The figure 
also includes Laws’ and Watson’s data, 
to show the agreement between experi- 
ments and predictions. 


Oscillation of a Liquid Sphere. The 
distortion just correlated is merely the 
average value, about which the drop 
continuously oscillates. Some of these 
oscillations are started by the elongation 
which occurs when the drop breaks 
loose from the forming tip. Others re- 
sult from the motion of the surrounding 
fluid, particularly in the wake, where 


TABLE 2.—DRAG RELATIONS FOR 
DROPS 


Su Re 
om 
250 
300 
400 1.063 
500 1.38 
16 500 622 
604 600 
800 640 
1000 -741 
1300 1.072 
10¢ 1000 476 
1300 469 
1600 490 
2000 -543 
2500 648 
3000 
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intermittent shedding of vortices prob- 
ably occurs. Henrickson’s (13) photo- 
graphs of falling drops indicated the 
presence of oscillation even after falls 
of 20 ft. Williams (28) calculated the 
drag coefficients for Laws’ data (17) on 
accelerating water drops. These show a 
definite oscillation. For each drop, the 
drag coefficient goes through three or 
four cycles during the observed fall. 
The magnitude of the effect indicates a 
variation of h, the fineness ratio, of 
about 0.1 each side of the equilibrium 
value. 

In spite of these clear evidences of 
oscillation, the apparent success of the 
correlation based on average distortion 
shows that the oscillations do not sev- 
erely influence the mechanics of motion 
of the drop. However, their effect on 
internal motion could be quite large, so 
that some consideration of the variables 
involved is justified. 

Rayleigh (21) calculated the oscilla- 
tory motion of a liquid sphere. A com- 
plete derivation is given in Lamb (15). 
Considering only the most important 
mode, that representing motion between 
an oblate spheroid and a prolate spher- 
oid, Rayleigh’s equation can be written: 


2a / | 

= Bsin| 84 6+¢ 

= B 8 4 V SuTi+ 
Po 


(34) 


Here B is fractional amplitude and ¢ 
the phase angle of the sinusoidal oscil- 
lation. 

In the absence of eddying within the 
drop, and neglecting any effect of the 
exterior fluid, the effect of liquid vis- 
cosity can be represented as: 

204,06 

B=Be "“"=Be 

(35) 


Here B, represents the initial fractional 
amplitude of the drop and is controlled 
by the formation or other shock which 
causes the oscillation. This equation 
shows that the amplitude of oscillation 
of a 3-mm. water drop decreases to 
about one half of its original value in 
0.35 sec. or at a distance of fall from 
rest in air of about 60 cm. 

The effect of eddying within the drop, 
if it were present, would be to increase 
the rate of energy dissipation, and 
therefore to increase the rate of ampli- 
tude decrease. The exact nature of this 
eddying is hard to predict. 


Internal Motion Caused by Oscilla- 
tion. This oscillating distortion is a 
source of internal circulation. For the 
case of streamline motion, the flow pat- 
tern can be calculated and is shown in 
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Fig. 7. Terminal veloci- 
ties of spheres and drops. 


Curves are based on Fig. 

1, Equations (26), (27), 

(28), and (30), and 
Table 1. 


Po 


Figure 8a. The streamlines show that 
most of the motion occurs near the sur- 
1ace. The maximum velocity, which 
occurs at the 45° latitude on the surface, 
is given by: 


> Pi 


Su- 
Po 


(36) 


I, a8 not the actual internal velocity, 
hut merely the amplitude of this velocity 
Velocities at other points are somewhat 
lower but still appreciable. The 
Reynolds number obtained from Equa 
tion (36) for a water drop 3 mm. in 
oscillating with a 56 


are 


diam amplitude 


Fig. 8. Streamlines for internal motion. 
(Equidistant values of the stream function). 


(a) Oscillation with no internal eddies (15, 
p. 452). 

(b) Circulation in creeping motion with zero 
surface tension (15, p. 600). 
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(B = 0.05) is 1100, so that ,,, is 37 
cm. /sec. 

Since these velocity amplitudes are 
proportional to the distortion amplitude, 
they also drop off exponentially with 
(4:/#_) Ti when external forces are not 
acting. Their order of magnitude is 
given, in general, by 

A su-S2p 
Po 


which, even though it includes Su ex- 
plicitly, may or may not depend on Su, 
since B is also a function of Su, p;/p,. 
and p,/p;, as well as*of the tip or other 
cause of the oscillation. 

Over and above this prediction of a 
sizable streamline velocity, there are the 
eddies which would undoubtedly form 
with such a nonlinear fluctuating flow 
when the amplitudes are as large as 
expected. These would probably 
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tend to distribute the motion more to 
the interior and away from the surface. 
However, the extent of this eddying 
should also depend on the groups 
(Hi /Ho) Ti and (pi/ Po) (Ho/m)*Su. 


Internal Circulation in Creeping 
Motion with No Surface Tension. The 
application of Stokes’ method to “creep- 
ing” motion of a fluid sphere of zero 
surface tension was made by Rybezynski 
(23) and Hadamard (11). The deriva- 
tion is given by Lamb (15). The result 
is similar to Stokes’ law and can be 
written : 
1_ VP, 


1 + 
1+ (2 3) / py) 
(37) 


24 


Streamlines for this motion are shown 
in Figure 8b. The maximum velocities 
occur at the origin and the equator and 
have the magnitude, 


(38) 
2(1 4+ 


= 
The minimum velocity, zero, occurs at 
the poles and on the equatorial plane 
where r= d/2\/2. The amount oi 
circulation can be defined as the flow 
through this zero velocity, 
which is 


circle of 


ad= V 
32 


Application of normal values of ve- 
locities and viscosities to these equations 
shows that for a drop in a gas, the effect 
of circulation on the drag and terminal 
velocity is slight, even though the inter- 
nal velocity is still quite appreciable, 
while, for a bubble, the effect on the 
drag is large. In the latter case, the 
effect is so large that the bubble has 
a practically new surface upon moving 
one diameter. The case of drops in li- 
quids is intermediate in both respects. 

In a recent article, Kronig and Brink 
(14) calculate the effect of this circula 
tion on mass transier by diffusion. For 
the maximum circulation possible, the 
time required to reach a given average 
concentration is about 40° of that re- 
quired in a stagnant drop 


a= - 39) 


Effect of Surface Tension on In- 
ternal Circulation in Stokes’ Law Re- 
gion. Unfortunately, this picture is too 
simplified even for the Stokes’ law re- 
gion since the actual boundary condi- 
tions must take account of the finite 
shearing stress supported by the surface 
tension of any actual system. This was 
first observed by Bond (6). In a series 
of experiments designed to test the 
validity of the above equation, he meas- 
ured the terminal velocities of small 
bubbles and drops in very viscous fluids, 
so that creeping motion occurred, and 
the k of Equation (37) had a value of 
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2/3. Although a yvod many systems 
were found to obey Equation (37), cer- 
tain anomalies were observed in some 
of the systems studied. 

This anomalous behavior was further 
studied by Bond and Newton (7). By 
dimensional analysis, they obtained, for 
terminal velocity conditions, in place of 
Equation (37), 


k=¢ ( Ho gd? | 


(40) 


94 


Here the latter group represents the 
ratio of the gravitational force, which 
at terminal velocity equals the drag, to 
the surface force. At low values of this 
group, & should be unity since the drop 
behaves as a solid sphere while, at high 
values, k should be given by Equation 
(37), since surface forces are negligible. 
Bond and Newton reasoned that the 
transition should occur where this sec- 
ond group was near unity. Actually, 
since only the skin friction is significant 
in causing the circulation, the critical 
diameter, d,, should correspond to the 
point where the skin friction equals 
zag, or, since two thirds of the drag 
is skin friction in creeping motion, 


22 
od 3 = 79,0d, 
or 
d = 34 (41) 
9 | Pim Po 


Bond and Newton's data show that the 
transition begins where d is about 0.1d,, 
and, in all cases, is completed when 
d=d,. Thus the circulation becomes 
«ppreciable whenever the skin friction 
is a major portion of the surface forces. 

At first glance the introduction of the 
surface tension as a variable in this 
manner seems questionable. There is no 
change in total area of the drop and, 
therefore, no change in the total surface 
energy. Nevertheless, there is a creation 
of surface at the front of the drop, and, 
as a result, a local creation of surface 
energy. Ii the internal fluid were com- 
pletely nonviscous and this circulation 
once began, it could continue. The 
necessary energy at the front of the 
drop would be supplied by moving in- 
ternal fluid, activated by the energy 
obtained by the loss of surface at the 
back of the drop. For a fluid with any 
viscosity, some of this energy would be 
lost in the motion. As a result, the cir- 
culation would soon damp out. 

The action of the skin friction is to 
provide the energy to overcome this 
viscous damping. Even for low values 
of skin friction, a slow circulation could 
be maintained. However, the circula- 
tion should only become extensive when 
the skin friction is large enough to pro- 
vide all of the energy necessary to form 
the surface at the front, with no neces- 
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sity for transmitting energy through the 
internal fluid. 


Extension of Circulation Criterion 
to Higher Reynolds Numbers. An ex- 
tension to the region of higher Reynolds 
numbers can be made by assuming that 
the critical condition is the balance be- 
tween skin friction and wog.d. Applica- 
tion of this leads to the conclusions that 
bubbles of gas in liquids are nearly 
always circulating, drops in gases are 
rarely circulating, and drops in liquids 
are usually in the transition region. Un- 
fortunately, the direct experimental 
determination of circulation is difficult 
if not impossible in the higher Reynolds 
number range, and indirect determina- 
tions by way of mass transfer, etc., have 
not yet been well evaluated. However, 
mass-transfer studies by Hagerty (12) 
have clearly shown that bubbles do not 
normally have a liquid film surrounding 
them, and thus are probably circulating, 
as predicted by the equations shown. 


Sample Problem 


T IS proposed to remove a small per- 

centage of volatile solvent from a non- 
volatile liquid by spraying countercurrent 
to a stream of nitrogen at atmospheric 
pressure and 300° F. The maximum avail- 
able gas flow rate of 5000 actual cu.ft./min 
is to be used to promote rapid mass trans- 
fer. The resulting dilution of the vapor is 
sufficient to make gas side mass-transfer 
resistance negligible, but liquid-phase dif 
iusivity is so low that internal motion of 
the liquid is required. Nozzles available 
can create sprays with mean drop diameters 
between 0.1 and 7 mm. For proper spacing 
of the sprays, a cross-sectional area of at 
least 12 sq.ft. is needed. Fluid properties 
are 


0.808 
0.023 cp. 


gas density 


gas viscosity 
liquid density 65 Ib./cu.it. = 1.041 g./ce. 
liquid viscosity 2 cp 

surface tension 18 dynes/cm. 

Evaluate this proposal in the light of the 
mechanics of drops as a preliminary to 
mass-transfer calculations 


Solution 


1. As a preliminary, the following groups 
are evaluated : 


Sd = 
_ 1018) [2- (0.808)*10"* 
23 10* L4 980(2.3)10*(1.040) 

- 1001 


1 0.020 /, 1041 
‘wm ~ 3948 
(0.808)*10-* 


T: [ 3 ae, 
980(2.3)10*(1.040) 
0.390 sec./ft 


We | 10" 
3 (2.3)*10" 


3048 


-/.) mm 


2. Thus, for several characteristic drop 


sizes: 
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(6.808) 10 


7 


3 


4 


d=0.1 04 1 3 7 mm 
‘¢=275 110 27.5 85 1925 
From Figure 7, 
vy=0315 2.1 64 110 110 
0808 1642 282 282 
ft./sec. 


(The 


0.1 mm. case was evaluated from 


Stokes’ law, in the form 


From 


‘vy = WP/24) 
the problem, the maximum super- 


ficial velocity is seen to 


(5000/60) /12 = 6.95 ft./sec. 


If this superficial velocity is used, the 


drops 


must all be larger than the size 


with a terminal velocity of 6.95 ft./sec., 
calculated as follows: 


Tv = (0.390) (6.95) = 2.71 
From Figure 7, 
Wet = 14; .. d = 14/275 = 0.51 mm. 
Some idea of whether skin friction 
causes any circulation can be obtained 
by evaluating the critical diameter, d., 
given by 
f, the friction factor, can be estimated 


as 2/V/ Re, for a sphere. It is expected 
that even though distortion slows down 
the drop, it increases circulation by in- 


creasing 


From 


Wt.T? = 


From 


We = 19; 


Thus, 
ton’'s 
drops 


local values of shear stress 
these relations, 


Sd = 1.002 x 10° 


Figure 7 (using the sphere line) 
150/27.5 = 5.45 mm. 
by extrapolating Bond and New 
data, circulation is missing for 
smaller than 0.545 mm. and com- 


pletely established for drops larger than 


5.45 mm 


Some idea of the extent of 


circulation is obtained by evaluating the 
circulation velocity, by Equation (38), 
and the period of circulation @, = rd 
6a:, by Equation (39). These equations 
are for the Stokes’ law region but will 


be extrapolated here for want of another 
equation: 
d= 3 7 mm 
Vis, = 0.16 0.16 ft./sec 
6. = 0.1635 0.382 sec 
6V, = 461 10.78 fr 


The last row shows that the drops must 
fall several feet with respect to the gas 
to average one complete cycle of inter- 
nal circulation. This will aid in transfer, 


but 


5. A mo 


rt strongly 
re promising possibility is oscilla. 


tion. Typical initial oscillations are 50% 


of th 
Fquat 


(27.5 
Thus, 
d 


These 


¢ drop diameter. Thus, from 


jon (36), 


0.023 95 


ft./sec 


for 
3 7 


mm. 
528 0.346 


ft./sec. 


are somewhat higher than the 


corresponding circulation values. How- 


ever, 
(35) 
requir 


these oscillations decay. Equation 
allows an estimation of the time 
ed to damp to the same velocity 


maximum as for circulation. For 


d= 3 7 mm 
= 303 463 


an 
Le 
| 
if 
‘ 
4 
— . | 
LM 
B/B. = 
Pege 503 


—In B/B, 
6 


Ve= 
Vs 
The last row shows that a column taller 
than 6 ft. for 3-mm. drops and 20 ft. 
for 7-mm. drops is not desirable, since 
the additional height does not improve 
mass transfer because of low internal 
motion. A better alternative is collec- 
tion and redispersion to make use of the 
formation transfer and start violent 
drop oscillations. 
In this problem, heights have been cal- 
culated assuming terminal velocity with 
respect to the gas. This assumes the 
liquid leaves the nozzle at high velocity. 
Some estimate of acceleration effects 
can be made for zero nozzle velocity, 
however. For the 7-mm. drop, 


Rey = TvWt = 11(192.5) = 2220 
co = Wt/Tv = 192.5/(11)* = 1.59 

From Figure 4, by extrapolation, 
= 0.9 


{ 3 


16.93 — 0.0212 V? 


16.93 — 0.0212 V" 


0.835 In 28.2 + 
2.2—V 


- u)dV = 
‘ 16.93 — 0.0212 V? 


00.835 In (28 -) 


5 
030 
0.753 


= —0.332 


Comparison of the last row with the 
actual time, @, shows the error in neg- 
lecting acceleration time, when initial 
velocity is not clore to the terminal ve- 
locity. 

From the above calculations, some idea 
of the internal motion of the various 
drop sizes is obtained. With this as a 
basis, mass-transfer calculations using 
either diffusion in a stagnant sphere, 
Kronig and Brink's method (14) for 
internal circulation, or some semiquanti- 
tative allowance for oscillation, will 
show whether or not increased surface 
per volume ratio of smaller drops out- 
weighs their smaller internal motion. 


Notation 


= Helmholtz free energy or 
work function 
= radius at the equator of a 
spheroid 
acceleration group, Eq. (7) 
fractional amplitude of oscil- 
lation 
value of B at 6 = 
one-half the axis length of a 
spheroid 


the “carried” mass 
drag coefficient, Eq. (1) 
= value of Cp for steady state 
= value of cp for a sphere 
= drag coefficient, based on true 
frontal area 
value of cp’ for a disk 
= diameter of a sphere of vol- 
ume equal to the drop 
= value of d near circulation 
transition, Eq. (41) 
= eccentricity of a spheroid, 
Eq. (17) 
= acceleration of gravity 
ML 
re 
= fineness of a spheroid = b/a 
I",,/V; for a circulating drop 
= mass of the drop or particle 
= static pressure within drop 
mean static pressure of sur- 
rounding fluid 
local static pressure exerted 
on drop surface from with- 
out 
= function of p,/p,, Eq. (10) 
= internal circulation flow rate 
within drop 
= Reynolds number based on 
equivalent sphere, Eq. (4) 
= true Reynolds number, Eq. 
(27) 
= Reynolds number amplitude 
for oscillation, Eq. (36) 
surface area of drop 
surface tension group, Eq.(5) 
= surface tension-size group, 


Eq. (33) 


= conversion factor, 


0.0466 0.294 


20 ft./sec. 
1.48 
16.55 ft. 
6.25 ft. 
sec. 


Ti = time group, Eq. (9) 
Tv = terminal velocity group, Eq. 
(32) 
velocity of drop 
drop volume 
maximum internal circulation 
velocity 
maximum internal oscillation 
velocity 
= initial value of I” 
terminal velocity of drop 
value of I’, calculated from 
Stokes’ law 
= work of distortion 
gravity group, Eq. (6) 

z = Cartesian coordinates using 
drop cg. as origin and 
positive ¢ axis as direction 
of motion 


Greek Letrers: 


a,8 = functions of p,/p, Eq. (11) 
and (12) 
y = distortion coefficient, Eq.(24) 
6 = time 
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= viscosity of inner and outer 
phases 
density of inner and outer 
phases 
= radii of curvature at a given 
point on drop surface 
= surface or interfacial tension 
= function defined in Eq. (8) 
wo = functions of h, Eq. (25) and 
(30) 
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Regenerative operations in fixed beds are inherently more difficult to 


SATURATION PERFORMANCE OF ION- 
EXCHANGE AND ADSORPTION COLUMNS 


NEVIN K. HIESTER *and THEODORE VERMEULEN 


University of California, Berkeley, California 


explain and calculate than the common steady-state counterflow opera- 
tions, and a generally applicable method of analyzing them has not 
been available. The use of suitable dimensionless parameters makes it 
possible to represent the complete family of concentration-history curves, 
at any one value of an equilibrium parameter, as a contour plot in terms 
of a column-capacity parameter and a solution-capacity parameter. 


Although analytic solutions are lacking for the differential equations 
representing the mass-transfer cases, numerical solutions for them are 
derived in this paper from H.C. Thomas's analytic results for the related 
reaction-rate-controlled case. Starting with a minimum of experimen- 
tal data, these numerical solutions can be used by methods outlined 
here to predict column behavior over substantial ranges of operating 


conditions. 


HE design of fixed-bed columns for 
adsorption operations, including ion 
exchange, is being given increasing at- 
tention in the chemical engineering 
literature. However, the theory of these 
operations is fragmentary and exists 
only as a series of special cases. Among 
the usable mathematical approaches to 
the problem, the method of Thomas (27, 
28) has the greatest generality, because 
only this method takes into account the 
full range of possible variations in equi- 
librium constants for adsorption or ex- 
change reactions. . 
Thomas’s theory has escaped the use 
it deserves for several apparent reasons. 
First, it has involved the use of func- 
tions which have seemed difficult to 
evaluate. Second, it has been hased on 
a reaction-kinetic approach, and the re- 
lation of the known diffusional mechan- 
isms to the kinetic framework has not 
been evident. Third, the mass-action 
equilibrium quotients are only roughly 
constant, particularly for adsorbents that 
are structurally inhomogeneous: and 
column adsorption is not strictly iso- 
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thermal. However, until such a time as 
exact solutions are found for the more 
complicated differential equations ap- 
plying to the diffusional cases and to 
variable equilibria, the kinetic solution 
will remain a highly pseful and versatile 
method for interpretation and prediction 
of column performance. The present 
and succeeding papers will evaluate the 
Thomas solution and will utilize it for 
approximate solutions of the diffusional 
cases, to provide a unified theory for 
adsorption and ion-exchange operations 
in fixed-bed columns. 

The nature of these operations will be 
reviewed briefly for purposes of defini- 
tion. In simple fixed-hed adsorption, the 
solute undergoing adsorption is removed 
continually from the carrier liquid or 
gas and accumulates upon the surfaces 
of the solid phase. Such transfer pro- 
ceeds until the concentration on the solid 
reaches a value corresponding to equili- 
brium with the concentration in the feed 
stream, and the column effluent reaches 
the feed concentration. Ton exchange 
is a case of exchange adsorption in 
which ions chemically bound in the 
resin phase are displaced in essentially 
stoichiometric proportions by ions 
initially in the liquid phase. In either 
adsorption or ion exchange, the step of 
accumulation in the solid phase is 
termed saturation. Likewise, the step in 
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the cyclic operation of a column in 
which the accumulated material is de- 
sorbed or displaced from the solid is 
known as elution or regeneration. 

In a typical saturation operation, the 
column effluent is practically free of 
solute until a state of complete satura- 
tion of the entire column is approached. 
From then on, the effluent concentration 
increases rapidly toward the original 
feed concentration. The solute concen- 
tration in the effluent may be plotted 
against the cumulative volume V (or 
against the elapsed time +); such a plot 
is termed the concentration history for 
the adsorption or exchange. The point 
in the concentration history at which 
solute concentration just reaches a de- 
tectable level is known as the break- 
through volume or break-through time, 
and its exact location evidently depends 
upon the precision of the chemical 
analyses. That portion of the effluent 
concentration history in which the solute 
concentration increases from break- 
through to nearly complete saturation 
has been termed the break-through 
curve, the leakage curve, the adsorption 
wave (19), or the exchange zone (22). 
This region is of major practical impor- 
tance, and the ensuing derivations will 
be carried out in order especially to 
calculate this portion of the entire con- 
centration history. 


Method of Second-order Kinetics 


The kinetic derivation will be outlined 
briefly, using a practical and self-con- 
sistent nomenclature, so that a basis for 
comparison with the diffusional results 
can be provided. 

The following type reactions for ion 
exchange and for physical adsorption 
will be considered : 


As+ Resin~ Be+ + A Resin 
A + Sorbent ~ A + Sorbent 


The rate for ion exchange at the 
particle surfaces, in the case of ions of 
the same valence, may be expressed: 
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| 
€ ‘ 
; 
| 
‘ 
‘ 
| 
i 
q 


d(A + Resin) /dr 
(B + Resin) 


(1/K)(B¢+)(A Resin)] (1) 
where the parentheses denote concen- 
tration, + is the time variable, ky4, is 
the specific-rate factor for reaction in 
the forward direction, and K is the equi- 
librium constant for the reaction as 
written. 

The following substitutions may then 
be made: 


(Bar) 
Resin) = 


Resin) (O- 


@) = qa) 
Here gq, is the amount, in gram-equiva- 
lents, of A combined per unit weight of 
dry resin; Q is the ultimate capacity of 
dry adsorbent, e.g., in gram-equivalents 
per unit weight; and q, is the capacity 
of adsorbent that is reached at satura- 
tion. For ion exchange, only, g, = Q. 
Some variation in QO with the feed con- 
centration c, may be observed (13); 


however, the equilibrium properties of 
the solid will be calculated on the basis 
of an appropriate constant value for the 


} ulsorbent capacity. 


Equation (1) then 


becomes 


(1/K 


(2) 
Assuming a “Langmuir” equilibrium 
under practically isothermal reaction 


conditions, the rate for adsorption at the 
solid surfaces may be written: 
Pd(A- 


Sorbent ) 


(1/K%)(4+Sorbent) | 


Sorbent) = 
(Sorbent ) O— 


where the symbols have meanings simi- 
lar to those in ion exchange. There is 
then obtained 


ada 
Rrin| 


(1/A"* ay 


(3) 


It is of interest to calculate the con- 
centration on the adsorbent, qg,, that is 
reached at saturation (i.¢., when it is in 
equilibrium with the concentration of 
adsorbate A in the feed entering the 
column). By setting dgq,/dr = 0 
C4 = C,, there results: 


and 


‘dr =ky,{ (A) (Sorbent 


(4) 
q = 
1+ K%4c, 
Equation (3) may then be rewritten in 
terms of the limiting concentration q, 
rather than in terms of Q: 


{1/K%} + 4] 


1+ Kc, ] 


1+ Kc, 


Equations (2) and (5) may then be 
put into identical form by introducing 
the following dimensionless parameters 
or moduli: 


qa 
Ve 


(5) 


For ion exchange, 


r = 1/K, the equilibrium parameter 


the solution-capacity parameter. 


For adsorption, 


(8) 


the equilibrium parameter 


V— the 


the solution-capacity parameter 
(9) 


In column operation, + is the time meas- 
ured from the first entry of saturating 
fluid into the column. This time must 
be corrected by subtracting the time 
vfp,/R required to fill the column; where 
v is the bulk volume of the column un- 
der consideration, fg is the fraction of 
external voids per unit volume of the 
adsorbent as packed, and R is the volu- 
metric flow rate. Also, V(= rR) is 
the total volume of feed that has entered 
the column; vf, is the void volume of 
the column; and V — vf, is the volume 
of effluent from the column. 

By use of Equation (4) for adsorp- 
tion, and the relation g, = Q for ion 
exchange, Equations (7) and (9) both 
conform to a general definition of the 
solution-capacity parameter : 


Q (19) 
k 


t = RyinCo 
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A still more general equation for ¢, 
that will include both the kinetic defini- 
tion and the diffusional definitions to be 
given later, is 


V— 


t=- 
De 


(11) 
where Dg is a limiting distribution co- 
efficient (dimensionless) between fluid 
and resin: 


2 
the 


and, for the kinetic case, « and k,,, are 
related by: 


(12, 


where p, is the density of dry adsorbent 
as packed in the column. 

With these substitutions, at any par- 
ticular cross section corresponding to a 
bulk volume v upstream, Equations (2) 
and (5) become 


d(q4/Gx) 
dt 


(14) 


(The restriction of constant s, to be 
defined below, is equivalent to the re- 
striction of constant v.) 

It will be shown elsewhere that r for 
elution is the reciprocal of r for satura- 
tion. Thus, although only r <1 occurs 
in the saturation step of adsorption, 
r > 1 is always encountered in the com- 
plementary elution, and the solutions in- 
volving r< 1 and r > 1 are equally im- 
portant. In ion exchange, r<1 and 
r > 1 are equally probable. 


Material-balance Relation. 
conservation equation, for an infinitesi- 
mal thickness of bed at any given cross 
section, expresses the fact that any loss 
of component A from the solution flow- 
ing through the section must equal the 
gain of component A on the solid and 
in the solution at that section: 


Oc, 
( +). (Sit), 
(15) 


It is now convenient to consider the 
volume of saturating solution that has 
flowed through this cross section, 
V —vfg, as a variable replacing the 
feed volume V. By a_ fundamental 
property of partial derivatives, 
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= = 
(A 
qo IaPr 
| (6) 
k (V —vfg) 
= 
— (7) (1-4) 
1 q 
1 1+ Kc, 
Rein “Kaa + o 
Let 
(A) =e, 4 
id 
“a9 


—vfp) ov V—clE 


) ( ), (16) 
Hence, Equation (15) simplifies to 
O"ds 
ov Jy UIE Pe ol’ v 


094 
O(V —vfg) 


= fr 


(17) 


It is then necessary to define a dimen- 
sionless group involving v, analogous 
to Hougen and Marshall's thickness 
modulus, that will be related simply to 
the parameter ¢. This column-capacity 
parameter, s, is defined as 


(18) 
By comparison with Equations (10) 


and (13), s is seen to be related to the 
solution-capacity parameter ¢ as follows: 


(V— 
Dotter 
(19) 


where c,(V —vfg) is the quantity of 
solute originally carried by the total 
effluent, and g,p,v represents the 
quantity of solute held on the bed at 
saturation; thus their quotient is a 
simple stoichiometric ratio. 

Equation (17) may then be trans 
formed to a still simpler form: 


| | 
Os ot . 


(20) 


The rate and conservation equations to- 
gether provide a sufficient description of 
the system to permit a mathematical 
solution. 


Integrated Equations. In order to 
utilize Thomas's solutions for design 
calculations, two steps have been taken. 
The first has been to replace Thomas's 
four parameters by the present three 
dimensionless groups, which allows all 
solutions to be given in a single family 
of contour plots. The second step has 
heen to express all the solutions in terms 
of a function J, for which both plots 
and calculation methods are available. 

The specific form of the solution 
equation is, of course, dependent on the 
boundary conditions chosen. The perti- 
nent boundaries are essentially the same 
for both adsorption and ion exchange 
and will be described in terms of the 
latter. At the entrance to a bed of 
B- Resin (i.e, at v = 0), At in the 
solution is at its feed value, c,. Also, 
when the front of the saturating fluid 
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just reaches the end of the bed (i.e., at 
lV’ = vfg), no A+ has yet had time to 
enter the resin at that cross section. In 
dimensionless terms, these boundaries 
can be expressed as follows : 


At s= 0, = 1 (21) 
At t= 0, q4/q. = 9. (22) 


The reader is referred to Thomas's 
paper (27) for the intervening steps in 
solving Equations (14) and (20). The 
resulting solutions are 

4 


Ji(rs,t) 


t) + 1] —J(s,rt)] 
(23) 
and 
1—J(t,rs) 


Jirs,t) + — J (s,rt)) 
(24) 


where J is the function derived by 
Furnas and others (2, 11, 25) as the 
solution of the related two-parameter 
problem of fixed-bed heat transfer : 


J(x,¥) 


(25) 


J(xy) =% 


where /, is a modified Bessel function 
of the first kind. It is apparent that 
J(x,y) is related to Thomas's function 
q(*,¥) in the following manner: 
J(x,y) = y) 


(26) 


H(\/rt 


a V afl — /rs—V/ 


J(x,v) is also related to Brinkley’s 
function Vy) as follows (6): 


J(xy) = 1—a(\/x, Vy) 
(26a) 


Another relation useful in the evalua- 
tion of J is 


1—J(x,y) = 


1—H(\/x—\/y) 4+ 


tt Ve)? — 
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J(y,*) - 


ry) 


(26b) 


Since /,(0) = 1 it is apparent that 
the lower boundaries of J(x,y) are 


J(0v) = 1 
J(#0) = e-* 


(26c) 
(26d) 


It can also be shown that the upper 
limits of J are: 


lim J(x,y) = 0 (26¢ ) 
lim J(x,y) = 1 (26f) 


Comparable boundaries and limiting 
properties can be shown to apply for 
the more complicated c,/c, function. 


Plots of Integrated Results. The 
concentrations in the effluent solutions 
are of greater practical interest than the 
local concentrations within the solid. 
This paper will therefore consider di- 
rectly the numerical evaluation of only 
In the evaluation of Equation 
(25) J(*,y) must be known very ac- 
curately, especially when it is close t 
zero or unity. The evaluation of J(x,y) 
in the region of x and y less than 10 
will be described elsewhere. In the 
region where the variables of the argu 
ment are both greater than 10, use has 
been made of an asymptotic expansion 
due to Onsager and given by Thomas 
(28) which reduces to: 


C4/ Co 


(27) 


\ ry) \ 


accurate to within 1% when \/ ry 2 6, 
where H denotes the error function, 
given for any number z by the equation : 


H(z) erf(2) 


= (2/\/) (28) 


Substitution into Equation (23) gives 


1/(\/ rt + WV rst) 
P+ W rst) 
(29) 


This equation enables c,/c, to be eval- 
uated in a straightforward manner for 
any specified r, s, and #, since the error 
functions and exponentials are tabulated 
with high accuracy (20,21). In the fol- 
lowing cases, the labor of calculation 
can be reduced by further simplifying 
the result: 


1. If the absolute value of the argument 


(V«—Vy) exceeds 7, the absolute 
value of the error function H differs 
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PARAMETER or THROUGHPUT PARAMETER 


Generalized break-through curves from kinetic solutions: 
c/c vs. t/s, at r = 0 and 0.5. 


Fig. 2. Generalized break-through curves: ¢/c, vs. t/s or 
at r = 1, 


Fig. 1 


from unity by only a small amount, Co Vr 
and approximations may be applied a 

within 1% accuracy Thus, iit (rv t/s)—Vr 


the entire ca/ce curve. The most use- 
ful singularities are those at t = s/r 
and t = rs, when r > 1. These singu- 
larities will fall respectively in the 
early and latter portions of the break- 
through curve. This new simplifica- 
tion may be used jointly with the pre- 
ceding type. 

At t=s/r, if (r—1) Vt>/7, 
¢a/€o is obtained in terms of constants 
and of Vs: 


—V _ (31) 


This equation actually gives ca/ce as 
a function of t/s only and is thus in- 
dependent of s. 

It can also be proved that Equation 
(31) gives the equilibrium-limit be- 
havior of ca/ce. This is the behavior 
in a column that results from an in- 
finite mass-transfer rate or from an 
infinitesimal flow rate. The proof in- . 
volves use of Walter's result (30) for = 
the equilibrium-limit behavior of ce +1) +20 —1) 
qa/de at r>1, (32) 


(Vx—Vy) >7 


V Hiv x—V y) 


Vive 


- 4 —\/y)? (29b) 
2V Likewise, at 


Either the numerator or the denomi- 
nator of Equation (29), or in some 
cases both, may reduce by these 


means. 
As r tends toward zero, and s and ¢ 
are large enough so that (V rt—V 5s) 


and rs—Vt) each become 
than —7, Equation (29) becomes 


less 


(30) 


By a different derivation, the same 
result has been obtained by Sillén and 
Ekedahl (26) and (at r 0) by 
Bohart and Adams (4). 


e(r—1)(t—e) 


a r becomes very large, so that 


(V rt—V 5s) and (Vrs—vVt) are 
each greater than +7, Equation (29a) 
can be used, and Equation (29) be- 
comes 
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4A 


(,/2-1) (31@) 


together with an equilibrium relation 
such as Equation (37), to obtain 
ca/ce in the form given in Equation 
(31). 

At all values of r, the equilibrium- 
limit curves are approached at all 
cases of high s, including also the 
case of a very long column. However, 
at r>> 1, the limiting curves are 
now proved to apply even under more 
readily attainable operating condi- 
tions. For r<1, the equilibrium 
break-through curve is vertical at 
t=s; for r>1, Equation (31) 
shows that equilibrium break-through 
begins at ¢ = s/r and becomes com- 
plete at t = rs. 
second type of simplification is 
possible at particular values of t/s, 
which leads to rapid calculation of 
¢a/Ce at these values and thus facili- 
tates somewhat the construction of 
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t= rs, and (r — 
there results 


(r—1)(2V +1) 
2+ (r—1)(2V ers +1) 
(33) 
Another such singularity occurs at 
t= s, and there Equation (31) is 


found to apply at relatively low values 
of s. 


By use of the methods just described, 
Equation (20) has been evaluated nu- 
merically for c/c, values between 0.001 
and 0.999 at five separate values of 
r (0, 0.5, 1, 2, and 10) as a function 
of s (from 2 to 1000) and of ¢ at neces- 
sary intervals. The results are given in 
Figures 1 to 3, as lines for c/c, against 
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t (actually, t/s) at constant values of 
column-capacity parameter s and at con- 
stant values of r.* Thus each curve 
corresponds to a concentration break- 
through for a particular column volume, 
flow rate, and exchange system. The 
ratio of t/s has been chosen as abscissa 
instead of f, primarily to give a more 
compact plot; t/s is given by Equation 
(19) and may be identified as a dimen- 
sionless throughput parameter. 

The concentration histories as plotted 
against time on linear scales normally 
are S-shaped. The probability scale for 
¢/c, largely eliminates the curvature of 
such plots and also makes it possible to 
plot accurately those values that are 
either very small or very near to unity. 
The logarithmic scale for t/s (or for t) 
makes it possible to compare experi- 
mental ¢/c,-time plots directly with the 
theoretical curves; this curve-fitting 
technique was utilized in analogous 
heat-transfer calculations by Furnas 
(11). 

A family of curves similar to one of 
Figures 1, 2, ard 3 should be con- 
structed for the intermediate value of r 
that applies for the system under study. 
(If r is not known from other data, it 
can often be determined from column 
data by methods to be given in a later 
paper. This construction can be made 
by using a set of interpolative cross 
plots of either of the following types: 


1. A plot of c/c. vs. r, at constant s, for 
a family of lines of constant ¢ or con- 
stant t/s. 


A plot of t/s—1 (or another func 
tion of ¢) against r, at constant 
for lines of constant s. This type has 


*Technichart No. 328, supplied by the 
Clearprint Paper Co., has been used for the 
logarithmic-probability plots of c¢c/c.. To 
match experimental plots against the master 
solutions, the printed figures should be en- 
larged photostatically to 7.0 by 9.5 in 
Alternatively, prints of this size can be mad 
from the corresponding figures as included 
in A.D.1. microfilm, Document 3665 


002 


° os 10 


Fig. 4. Typical cross plot of th pora- 
meter values, at c/c, = 0.9, against equilibrium 
parometer. 
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2 


the advantage that fewer plots (each 
at a different c/ce) are needed to 
represent the entire set of solutions. 
Such curves may be supplemented by 
plots of t/s—1 against s,* at con- 
stant c/ce, for lines of constant r, 
which allow interpolation to values of 
s not used in the previous set. These 
plots are shown schematically in Fig- 
ures 4 and 5. 


Mechanism and Rate of Molecular 
Transfer 


The kinetic results just given pro- 
vide a valuable pattern for identifying 
the significant variables in sorption 
operations, whatever their rate-deter- 
mining mechanisms are. In this section 
it will be shown that the diffusional 
equations are closely related to the 
kinetic equations and that numerical re- 
sults suitable for design calculations can 
be obtained by way of this close relation. 
As indicated by batch experiments (16), 
the diffusional mechanisms for ion ex- 
change and for adsorption do not alter 
the basic nature of these operations as 
second-order-kinetic processes. 

In both ion exchange and physical 
adsorption, the materials adsorbed upon 
the solid surfaces may be said either to 


*Cross plots against both r and s have 
been prepared to represent solutions of 
Equation (23) at c/c. values of 1, 10, 50, 
90, and 99% and are available from A.D.1., 
Document 3665 
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| 
Fig. 3. Generalized break-through curves: ¢/c. vs. t's ot r 


2, 10, 100. 


have dissolved into the solid phase or 
to have undergone chemical reaction 
with it. The latter description is con- 
venient and will be used even though 
it oversimplifies the physical situation 
The sequence of molecular scale proc- 
esses involved in ion exchange, i.e., in 
replacement of an ion A in the flowing 
fluid by another ion B originally on the 
solid, may be grouped into the following 
three steps: 


Fig. 5. Typical cross plot of throughput poro- 
meter valves, at c/c, = 0.9, against column. 
capacity porameter. 
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1. External Diffusion. Counterdiffusion 
of A from the bulk fluid to the outer 
surface of the solid particle and of B 
from the particle to the bulk fluid. 
Internal Diffusion. Counterdiffusion 
of A through the pores of the particle 
to the point where exchange occurs 
and of B from the exchange point 
back to the outer surface of the par- 
ticle. 

Keaction. Desorption of B from the 
solid phase, and adsorption of A in its 
place. 

Steps 1 and 2 respectively are some- 
times called film diffusion (or F mech- 
anism) and particle diffusion (or P 
mechanism) (5, 18). 

If the solid is a homogeneous gel in- 
stead of a porous granule (3), or if 
diffusion in the solid phase is rapid com- 
pared to diffusion in the pore fluid, then 
reaction will occur at the outer surface 
of the particle, and steps 2 and 3 will 
be reversed in order. 

In physical adsorption of a single 
component 4, the same three steps will 
be involved, but each step will be uni- 
directional. 

rhe effective rate of the adsorption 
or exchange will evidently be controlled 
mainly by the step that exerts the largest 
resistance to transfer and, therefore, 
inherently is slowest. The mathematical 
solution of the problem is simplified by 
neglecting all resistances but the rate- 
controlling one; or by combining all the 
steps into one effective with a 
single apparent rate. 


step 


Surface-reaction Controlling. Reac- 
tion at the solid surfaces will be ex- 
tremely rapid except in isolated cases of 
ictivated adsorption, and the resistance 
due to this step will generally be neg- 
ligible. The theoretical importance of 
this case lies in the mathematical model 
that it provides for solving the diffu- 
sional cases. 


External-diffusion Controlling. The 
rate of diffusion of solute between the 
bulk of the flowing fluid and the outer 
surtaces of the granules of adsorbent is 
evidently governed by the molecular or 
ionic diffusivity and in turbulent 
flow, by the eddy diffusivity which con 
trols the effective thickness of the re- 
sidual laminar-flow layer. Algebraically, 
for ion exchange, 


dq 


(kp) pay 


also 


(34) 


since equimolal counterdiffusion is ap- 
proached. In Equation (34) the kp’s are 
the mass-transfer coefficients, ap is the 
transfer area per unit bulk volume, and 
c4* and cg* are the concentrations of 
Al and B in the portion of fluid that is 
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adjacent to the outer surface of the solid 
(and thus is in equilibrium with it). As 
before, 


C4 = ¢, 
Also, 


= & Ce (36) 

The net rate of surface reaction given 
in Equation (2) may be set equal to 
zero, which yields the following equili- 
brium relation: 


*d4 
Aq, +(1l- (37) 
As shown by Adamson and Grossman 
(1), Equations (35) to (37) will com- 


bine to give 


If (kp), and (kp), are approximately 
equal, both then may be replaced by 
their average, kp, and Equation (38) 
reduces to: 


dq, 


where r is defined by Equation (6). A 
similar derivation for simple adsorp- 
tion leads exactly to Equation (39), if 
r4 is defined by Equation (8), and q, 
by Equation (4). An effective rate 
constant may be introduced by reference 
to Equation (13) and comparison of 
Equations (2) and (39), which erables 
Equation (23) to be used as the solu- 
tion: 


kpapfe 


+ (r— 1) 


1+ (r—1)(q4/de) (10) 


When the complete adsorption-wave 
curves are fitted, the average value oi 
d4/G, may be taken as 5 if r<1, or 
as 1/(r+1) if r> 1, as will be dis- 
cussed in the section on constant-pat- 
tern curves; 

Zk pay Tra 


Kest = 


(41) 


+ 1 ) 


= if r 
2 


(4la) 


The behavior of kp in ion exchange 
is fully in agreement with other in- 
stances of mass transfer, including ad- 
sorption. Over a wide range of flow 
rates, kpap will vary inversely with 
d,}*, as reported in a related paper 
(29). That reference provides a plot of 
14(kpS/R), which is labeled as an 
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(he) 
(kp) pKap + (kp) 494 


— Cale @,)- 


adsorption group (sd,/h) for the case 
of r = 1 and is expressed as a function 
of d,k/S (or, essentially, of the Rey- 
nolds number). When r1, the plot 
gives the group (3d,/h), rather than 
(sd,/h). In this group, as will be ex- 
plained following Equation (57), 
= kpapvfe/R tor external-diffusion 
controlling. 


Internal-diffusion Controlling. The 
equations to be given are suitable for 
two types of internal diffusion. The 
first is the three-dimensional diffusion 
that will occur within a homogeneous 
gel-type particle; the ‘second, indicated 
by Glueckauf (12), is two-dimensional 
diffusion (i.e., surface diffusion) along 


= Ga) — 


pore boundaries, in 
consists of 


case the particle 


impervious crystallites 


separated by pore spaces that are acces- 
sible to the solute. 

A third case of internal diffusion may 
occur through the fluid phase contained 
in the pore spaces of a nonhomogeneous 
particle. If this type controls, reaction 
occurs subsequent to diffusion, just as 
in the external-diffusion-controlled case. 
Equation (39) then applies to fluid- 
phase internal diffusion with «xp as 
transfer coefficient, while Equation (44) 
below applies to the two cases of solid- 
phase internal diffusion. 

In all three cases, *, or kp’ will be 
directly proportional to an appropriate 
diffusivity and inversely proportional to 
the mean width of the diffusional bar- 
rier. Generally, ka, or kp’ap will be 
inversely proportional to d,* 

A general solution for the approach 
of a single adsorbent particle to a con- 
dition of saturation in a fixed bed has 
not yet been reported. A less exact 
treatment can be upon the as- 
sumptions proposed by Glueckauf (72), 
Michaelis (22), 


based 
and others, in order to 
indicate qualitatively the relative effects 
of internal and external 
this treatment, the extent of saturation 
is averaged over the entire particle; and 
the rate of approach to complete satura- 
tion is taken to be proportional to the 
difference between the extent of satura- 
tion at the outer surface of the particle 
and the average extent of saturation 
within the particle. Thus, for 
exchange, 


diffusion. In 


ion 
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) = kpap(q4* — Ga) 
solid 


= kpap(qp — 


(42)7 


Here q,4 and qg are respectively the 
equivalent concentrations of A and B 
based on a unit weight of air-dried 
resin, @p is the transfer area per unit 
volume for this case, and q4* and qpz* 
are the local concentrations that prevail 
at the outer surface and are assumed 
to be in equilibrium with the fluid phase. 
The surface concentration of solute is 
therefore given by the following rela- 
tion, derived from Equation (14) for a 
zero net rate of surface reaction: 


(43) 

Substitution of this relation into Equa- 
tion (42) yields: 


) k pap 
Gr Jana (l—r)egtre, 


rda(Co—Ca)]) (44) 


Ja Ga) 
This equation, like the corresponding 
relation for external diffusion, applies 
equally well for simple adsorption. it 
will assume the form of the reaction- 
controlled case, Equation (14), if the 
following approximate substitution is 
made 
kpapq 


tT!) 

kpapD, 

pl rain 

(45) 

If the entire adsorption wave from 

C4 = 0 to Cy = C, is Of interest, then 

0.5 c, is a permissible average value for 
C4, and 

2k pa De 

papl’g (46) 


1) 

It is interesting to note that, for the 
hypothetical case where external dif- 
fusion and surface reaction occur in 
series at comparable rates, the resis- 
tances can be proved to be additive in 
a customary manner. The same additiv- 
ity can be shown for resistances due to 
surface reaction and internal diffusion. 
From these two relations it can be in- 
ferred that the external and internal 
diffusional resistances also can be added 
in the following way: 


t Since this paper was written, the au- 
thors have found that (dg4/dr) k pap 
{(qa*)* —qa°\/qa provides a still better 
approximation for solid diffusion. How- 
ever, no general solution has been found 
for the new equation, and it is less 
clearly related to the kinetic methods con 
sidered herein. 
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1+ (r—1)(q4/de) 
r)(Ca/Co) +1 


kpapDg 
or, from Equations (41) and (46), if 


rsl, 


1 
« 


(47) 


to 


1 1 
(r+1 
) ( kpap kpapDg ) 
(48) 


Equation (48) indicates that external 
diffusion will control when 1/kpap is 
larger than 1/kpapD,g, because of the 
then greater transport capacity of the 
solid phase. As kpap is always some- 
what less than kpap, internal diffusion 
is predicted to become the controlling 
resistance as Dg approaches 1, in agree- 
ment with experimental results (5). 

The transition from external to inter- 
nal diffusion has been observed experi- 
mentally by varying Dg (i.e., by varying 
c,) and also by varying kp (by varying 
the flow rate). These data will be re- 
ported in a subsequent paper 

For adsorption in the diffusion-con- 
trolled cases it may be convenient to 
consider Q as an appropriate empirical 
constant rather than as an ultimate ca 
pacity in the Langmuir sense. 

The present equations will then apply 
to any isotherm in which the curves of 
q* (equilibrium gq) vs. ¢ are linear or 
concave downward at solution concen- 
trations less than c,, and can thus be 
fitted by proper adjustment of L and M 


in the relation: | 
Le 
q 1+Mec (40) 


In such a case Equation (4) becomes 


Le 


Ie = T3 Me, (4b) 


and Equation (8) takes the form: 
red = 1/(1 + Me,) (a) 


Equations (11), (12), and (18) still 
apply, along with the solutions based 
upon them. Hougen and Marshall's 
treatment of the linear isotherm for 
water on silica gel (14) is a special case 
of this generalized approach. 


Exchanging Ions of Unequal Val- 
ence. The theories considered above 
are applicable to ion exchange only for 
cases where the exchanging ions have 
the same valence. Exact solutions are 
not known, in this more general case, 
for any of the proposed rate-controlling 
mechanisms. The chemical equation for 
this case is 


Alat+) + 7 B - Resing = A - Resin, 
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a 
+ — 
B 


where a is the valence of ion A and B 
is the valence of ion B; a and B must 
have the same sign but may be either 
positive or negative. 

The equilibrium expression for this 
exchange, as given by Bauman and 
Eichhorn (3), is: 


_ (A + 
= TB + 


(49) 


In this equation the concentrations may 
be expressed in either moles or equiva- 
lents; because of the stoichiometry of 
the exchange, it is convenient to use 
equivalent concentrations and to desig- 
nate them by c (for the solution) and g 
(for the resin) as before. Then 


K = (30) 
4? 


or 


y 


>)? 
(51) 


For the case that 8 = 1, the suriace- 
reaction-controlled rate may be written: 


d(q/q, da 
Cot) Jeurt Va 
Kq,* 


DuDomaine, Hougen, and Swain (10) 
have solved this equation for the irre 
versible case where a= 2 (bivalent- 
univalent exchange ) and where 
(Kq, Ce) 

For the external-diffusion-controlled 
case (with 8 = 1 and a1), the rate 
is again given by Equation (34): 


( dq 
dr cart 


lf Equation (50) is used to evaluate 
an irrational expression results 
which converts Equation (34) into an 
irrational form. A similar difficulty is 
encountered with the internal-diffusion- 
controlled case given in Equation (42). 

A further approximation is therefore 
introduced, which involves replacing the 
true equilibrium by a second-order equi- 
librium. lf 8 = 1, Equation (49) may 
be rewritten: 


— 


kpap(Cy* — Ca) Pr 


(94/Ga) (€n/€o)* 
(53) 
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The apparent second-order equilibrium 
would have the form 


r  €€4/€o) 

(54) 
In the vicinity of (c4/c,) = 1 and 
(44/42) =1, KY 
In the vicinity of (cg/c,) = 1 and 
= 1, KY = A 
suitable average for purposes of ap- 
proximation is given by 


Kit = = 


(55) 


The physical significance of this ap- 
proximation is shown by Figure 6, in 
which the true and the approximate 
equilibria are plotted as calculated for 
a typical case where a = 2 and Kq,/c, 
= 30. It is seen that the general shape 
of the curves is much the same and that 
their intersection lies at (c4/c,) =1 
— (q4/d,). The numerical error in the 
approximate value of (q,/q.), for a 
given value of (c,/c,), will decrease 
as K(q,/¢,)*~! approaches unity. Con- 
firmation of the method is provided by 
the unequal-valence data of Mongar and 
Wasserman (24), who found the ex- 
perimental-rate constants to be essen- 
tially second order rather than third 
order. 

This approximation, together with 
the use of gram-equivalent (or pound- 
equivalent) concentrations, allows all 
the equations and plots presented for 
second-order exchange to be used also 
(with r calculated from K!') for ap- 
proximate correlations and predictions 
of the diffusion-controlled cases with 
unequal valence. 


Number of Transfer Units. Para- 
meters for Diffusion-controlled Cases. 
The total height of a column may be 
factored into the height per transfer 
unit Hy, and the number of transfer 
units Np: 


Hy (56) 


where 
1 ky dp 


5 
(Hy), R Sf (56a) 


1 kpapD 
(Hy)p R/Sfp 


Chilton and Colburn (7). 
for external-diffusion con- 


as given by 
From this, 
trolling, 


h 
(Hy) p 
= s[1 + (r — 1) (q4/¢,)] 

(57) 


(Nr) = 


—— aisplocing 8° 
(Ka, /¢, +30) 


& displacing 8° 
(K" #97) 


Fig. 6. Typical equilibrium distribution of ions 
between solution and resin, showing use of 


second-order constant (K’’) to approximate the 
third-order volves. 


10 


Similarly, for 


trolling, 


internal-diffusion con- 


h 
(Hr)p 


te 
R 


r) (c4/Co r] 
(58) 


For mass-transfer situations, the 
mathematical solutions for c/c, in terms 
of s and ¢ are implicit, because s and ¢ 
themselves involve either c/c, or q/q»- 
As will be shown in the next section, the 
kinetic results can be used to construct 
approximate explicit solutions for the 
concentration histories as governed by 
mass transfer. In order to express these 
explicit solutions for c/c,, new capacity 
parameters that depend only upon inde- 
pendent variables can be defined in 
terms of the number of transfer units. 
Thus, the column-capacity parameter 
for external-diffusion controlling is 


Sp = (Np) = (59) 
and the solution-capacity parameter for 
this case is 

No) 
o, = (Xn 
De 


(Vp)p = = kpapDg — 


= s[(1 


Vv 


the 
(59 
De r 


Also, for internal diffusion controlling, 
the column-capacity parameter is 
= (Nr)p = R 
(60) 
solution-capacity parameter is 


‘and the 
Op = 
Op (60a) 
The throughput parameter for the dif- 
fusional cases, @/%, is seen to be iden- 
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tical with ¢/s as previously defined 
(Equation (19)). Likewise, the equi- 
librium parameter r must be retained in 
unchanged form. In the event that 
r= 1, parameters and @ become 
identical with s and ¢ respectively. 
Thus, while parameters s and ¢ are 
essential for obtaining numerical solu- 
tions of the differential equations, 
parameters and likewise are neces- 
sary for using these solutions in the 
diffusion-controlled cases, as will be seen 
in the next section. The subscripts P 
and F are required on these parameters 
because the dependence of c/c, on ®, at 
constant &, differs between the internal- 
and the external-diffusion cases. In the 
transition region between these two 
cases, ¢/c, must be calculated from the 
kinetic results by use of Equation (47) 


or (48)- 


Numerical Solutions of the Diffu- 
sional Equations. The differential ex- 
pressions for the diffusional rate, Equa- 
tions (39) and (44), are seen to have 
the form of the kinetic-rate expression 
multiplied by a correction term. If the 
correction is practically constant, the 
kinetic solution may be applied directly 
in the diffusional cases. 

If the correction factor is not constant 
over the entire break-through curve, 
the curve may be divided into several 
regions each of which is small enough 
for the correction factor to be essentially 
constant. In terms of curve-matching, 
this corresponds to matching different 
segments of a break-through curve to 
different kinetic curves; the kinetic s 
parameters for these different curves 
will all correspond to a single diffu- 
sional parameter =. However, this match- 
ing must be carried out on t/s plots, 
because only the ¢/s parameter is inde- 
pendent of the mechanism assumed. 

To justify this matching, it is neces- 
sary to’ establish the identity of the 
slopes on the (ft/s) and (@/Z) plots. 
From Equation (20), the slope on a 
concentration-history plot is: 


| O(C4/Co ) | 


O(t/s) 


Os 
O(t/s) 


o(t/s) ‘ 


(61) 


From similar material-balance consid- 
erations, it can also be shown that: 


0(@/) 
| 
= L 


0(t/s) Jere, 
(62, 
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The two slopes will be identical if 
(1/s) ds/d (t/s) = 


This equality follows readily from the 
definitions of = and @ given in Equa- 
tions (59) to (60a) and from the con- 
stancy or near constancy of the (s/Z) 
ratio at a specified c4/c,. 

Based upon the equivalence of slopes 
at related points or within related small 
increments of the kinetic and the dif- 
fusional curves, the following procedure 
was used in constructing the numerical 
plots of solutions of the diffusional equa- 
tions and is recommended for any addi- 
tional calculations of this type. 

The over-all concentration range is 
divided into four segments, as follows: 


range, (Ca/Co) avg, % 


1-10 3 
10-50 30 
50-90 70 
90-99 97 


At a given %, it is assumed that s is 
constant within cach segment, as based 
upon the respective (¢4/¢,)ang OF 
corresponding (q4*/Gz)avg From a 
kinetic plot of c,/c, vs. t/s at the desig- 
nated r, t/s is read at this s for the 
concentrations at each end of the range, 


C/Co at 0.5 
—— EXTERNAL DIFFUSION 
——INTERNAL DIFFUSION 


and a A(t/s) is computed and is taken 
equal to 4(@/Z). The latter values are 
plotted consecutively on linear-coordi- 
nate paper, and the area between the 
break-through curve and c4/c, = 1 is 
measured. A rectangle of unit height 
(¢4/¢,) = 1) and equal area is drawn; 
if the left side is taken at @/% = 0, the 
right side gives the point of stoichio- 
metric equivalence, @/Z = 1. Location 
of the latter point establishes the abso- 
lute @/Z coordinates of the entire curve. 

The resulting curve for a constant = 
is then replotted on a probability-log- 
arithmic scale to facilitate curve-match- 
ing. Curves can be extended beyond the 
limits of 1% < (c4/c,) < 99% by use 
of additional concentration ranges or by 
graphical extrapolation. 

The kinetic and diffusional results be- 
come identical as r= 1 and r> 50; 
hence they deviate most widely from 
each other at 2<r< 10 and at r = 0. 
Exact relations are available for both 
the kinetic and the diffusional curves at 
ry =0. Hence, in order to test the 
method in an extreme case, the external- 
diffusion curve at & = 60 and r = 0 was 
calculated directly by use of Equation 
(72) and indirectly by use of the fore- 
going procedure, starting with the 
kinetic relation (Equation (30) or 


@/1, THROUGHPUT PARAMETER 


Fig. 7. Generalized break-through curves for diffusional cases; 


vs. @/e, at r = OS. 
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(68)). The results provide an excellent 
confirmation of the method: 


@/= by 

@/= by stepwise 

ca/Co, % Eq. (72) calculation 
1 0.9398 0.9400 
10 0.9783 0.9786 
50 1.0051 1.0046 
90 1.0149 1.0156 
99 1.0165 1.0168 


Figures 7 and 8 present the curves 
calculated by the stepwise method. Fig- 
ure 7 shows both external- and internal- 
diffusion curves at r = 0.5, and Figure 
8 the corresponding curves at r = 2. It 
is seen that in the former case the ex- 
ternal-diffusion curves are more con- 
cave upward and are below the internal- 
diffusion curves in the central range of 
concentrations, while in the latter case 
the reverse is true. Cross plots are pre- 
sented * that permit rapid construction 
of either type of diffusional curve at 
any desired values of r and s within a 
wide range. 

These curves are based upon the 
assumptions of constant effective dif- 
fusivity and constant equilibrium con- 
stant. However, the disadvantages 


* See footnote, page 505. 


AT t= 2 


EXTERNAL DIFFUSION 
INTERNAL DIFFUSION 


THROUGHPUT PARAMETER 


Fig. 8. Generalized break-through curves for diffusional cases: 
vs. @/e, ot = 2. 
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attending these assumptions can be com- 
pletely overcome, when necessary, by 
incorporating more accurate values of 
these variables into the computation of 
r and s values for each segment of a 
stepwise calculation. By such proced- 
ures, the kinetic curves provide a gen- 
eral path to numerical solutions for al- 
most any definable case. 


Specialized Solutions 


The preceding equations and solutions 
contain those obtained by other investi- 
gators in several special cases and differ 
from them only in their greater gener- 
ality and in the nomenclature used. 


Linear-equilibrium Kinetics, I[ntro- 
duction of the condition that r = 1 will 
simplify the transfer equations and will 
make the diffusional equations identical 
in form with the kinetic one except for 
the constant-rate coefficient. For simple 
ion exchange, if 7 1, then K = 1; this 
situation rarely is realized exactly but 
often is approximated.* For adsorption, 
(1+ K%c,), the case of 
’ 1 applies to a wide range of adsorp- 
tion conditions in which the equilibrium 
s highly unfavorable (i.e., K*4e,<<1) ; 
realized by Wicke (31), 
and Hlougen and Mar- 


since r = 1 


this was 


Thomas (27), 
shall (14 


With + 1, Equation (14) reduces 


Vx 

that the bimolecular rate is 

described by an equation which 

effectively is first order rather than 

econd the variables. Also, 

Equations (23) and (24) reduce to 


J(s,t) (64) 
Ji ts). 


Is seen 


now 


order in 


(65) 


Gade = 1 


\t large values of s and ¢, using Equa- 
tions (27) and (64), or alternatively 
the approximation equations of Klinken- 
berg (17), there results: 


(66) 


with a maximum deviation of —0.02 at 
s2 


Constant-pattern or Constant-ex- 
change-zone Case, It is an experi- 
mental fact that break-through curves 
are sometimes encountered which retain 
a constant shape on a linear time plot, 
subject only to a displacement in total 
elapsed time that is proportional to the 
total column length. When this occurs 


* For binary-feed ion exchange involving 
trace concentrations, r also approaches 
unity, as is proved and utilized in a study 
of trace chromatography (29) 


Page 514 


all parts of the exchange zone must 
move through the column at a constant 
rate; from stoichiometry, this rate of 
advance corresponds to the stipulation 
that (05/0t) 

C4/C, and hence, 
Equation (17), that 


Co Jat Va Jat 


for the phases coexisting at any one 
point in the column. This was shown 
first by Wicke (37) and later by Sillén 
(24). It is theoretically possible for 
94/Ge to approach c,/c, only when 
because equilibrium restrictions 
prevent this approach if r> 1. In actual 
practice the constant-exchange zone or 
constant pattern entitled by 
Michaels (22), and by Dryden (9), is 

relatively irreversible 
exchanges where r<<1- 

The restriction of r<<1 leads to 
Equation (30), first derived by Sillén 
and Ekedahl, which is converted readily 
to logarithmic form: 


1 for each value of 
by integration of 


(67) 


encountered in 


(68) 


where fy is the particular value of the 
parameter ¢ that corresponds to c4/c, 
= 0.5. In the ty form this equation 
expresses the exchange-zone shape with- 
out regard to the upstream column vol- 
ume. For s = 20 or above, this equation 
has a maximum deviation of only +0.01 
even when r = 0.5. As ty > 2, it will 
be noted that ¢<t, corresponds to 
= 0 and t>ty corresponds to 
Hence, with r<1, the 
break-through curve in the equlibrium 
limit (so) will be vertical at an 
abscissa of tf = s, as shown by Walter 
(30). 

For any two fluid volumes |", and V9, 
utilizing Equation (68), Sillén and 
Ekedahl’s result takes the alternate 
form: 


C4 = 1. 


— Cay) 


In = ty 


C41 (Co — 


ReinCo 


This is analogous to the result of 
Michaels (22) for external-diffusion 
controlling : 


(69) 


1 C41) 
—42 


+ In — 


: buGe 
Pr Ix 
= (70) 


or to the result of Glueckauf and Coates 
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(1/2) for internal-diffusion controlling 
C4a2(Co — Car) 
C41 (Co — Caz) 


= (Op)o— (Op), (71) 


If the adsorption exchange is completely 
irreversible (r = 0), then the external- 
diffusion equation takes essentially the 
iorm given by Drew, et al. (8): 


= kpdp 
Podx 


Michaels’s and Glueckaut’s relations 
were obtained by simple integration, be- 
cause the approximation that q4/q, = 
C4/Co enables the rate relation to be 
converted from a_ partial-differential 
equation to a total-differential equation 
that involves only c4/c, (or only q4/q2, 
but not both). The same technique has 
been applied by Glueckauf (72) and 
Johansson (15) to the case where a 
Freundlich isotherm is followed. 

Monet (23) has pointed out that when 
internal and external diffusion occur at 
nearly comparable rates, the concentra- 
tion history will reflect a transition from 
one mechanism to the other. The Sillen 
equation offers a good approximation for 
such situations and becomes exact 
(within the constant-exchange-zone re- 
striction) in the event kpap = kpapDg 

The rate of advance of the adsorption 
wave assumes a particularly simple 
value under constant-pattern conditions. 
The ratio Rp of this rate (measured at 
a reference value of c/c,) to the ve- 
locity of the fluid front is always 


| | 
| ov 


By introduction of Equation (19) in 
derivative form, 


Ry = (73) 


1 


ot (74) 


In the constant-pattern case, (0t/05) eye, 
= 1, and there results 


Rp = 


Rp = 
This is merely a restatement of the con 
tinuity condition and may be compared 
to a similar relation that applies to the 
center of gravity of chromatographic 
zones. 

In summary, the concept of an ex- 
change zone or adsorption wave of con- 
stant shape leads to very simple solu- 
tions in the nearly irreversible region 
from r = 0 to r = 0.5. With sufficiently 


October, 1952 


2 1 

P 
on R 
Ca2 
(72) 
‘ 
|_| 
t 
i 
x 

wil 
I 3 
1 


long residence times the constant-pattern 
method will be valid even at r = 0.7 or 
r = 0.8, but the numerical solutions ob- 
tainable from cross plots of Figures 1, 
7, and & must be used to establish the 
range of validity. 


Applications 


Although adsorption or ion-exchange 
equipment of standard type is designed 
regularly on an empirical basis, special- 
ized developmental problems arise re- 
peatedly in which the first laboratory 
measurements may correspond to an un- 
economic operation. Analysis of such 
problems by the present methods should 
provide a prediction, from minimum ex 
perimental data on a given ion-exchange 
or adsorption system, of the most effi- 
cient conditions under which that system 
may be operated. 

The variables upon which the analysis 
depends are seen to be the ultimate ad- 
sorbent capacity Q, the solute concen- 
tration c, in the fluid phase, the rate R 
at which fluid is to be supplied, and the 
mass-transfer coefficients (kpap and 
kpap, which include the effect of particle 
diameter and of flow rate and thus re- 
flect the pressure drop that can be toler- 
ated). The equilibrium constant K is 
fixed for any given solute and adsorb- 
ent: this, with c, and QO, determines the 
limiting-distribution coefficient D, 

The throughput time rt or volume V 
that is desired or permitted in each cycle 
of operation is a major independent var- 
iable. This, together with the column 
volume v, and the break-through con- 
centration c,/c, then form a set of var- 
iables of which any one can be deter- 
mined as a function of the other two. 


Prediction of Concentration History 
from Known Mass-transfer Coeffi- 
cients. For a column of given height, 
the smaller of the two S(or Ny) values 
will control, as calculated from general 
mass-transfer correlations for external 
diffusion or from known resin proper- 
ties for internal diffusion. The concen- 
tration plots corresponding to the con- 
trolling mechanism must be used. 

If the column volume, the volumetric 
fiow rate, and the cycle period are all 
specified, the dimensionless parameters 
= and ®@ can be evaluated by Equations 
(59) to (60), and c4/c, can be read 
directly from charts such as Figures 1, 
7, and 8 constructed for the value of 
r appropriate to the system. Assume, 
for example, that from other measure- 
ments for the ion pair and resin under 
study, kpap is found to be 20 min.~! 
at a particular linear flow rate. and 
K = 2.0; also, fp = 0.4, p, = 0.5 g./ 
ml, and QO = 4.83 milliequiv./g. In 
addition, design values are specified for 
v= 75 c, = 0.6 milliequiv./ml., and 
R = 30 ml./min. From this information 
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it follows that Dg = 10.1, r = 0.5, and 
= = 40. If it is desired to calculate c, 
at an effluent volume (l’ —vfg) of 264 
ml., this corresponds to @ = 35, and 
Figure 7 (for external diffusion) shows 
that at this @ and &, c,4/c, = 0.05, and 
thus c, = 0.03 milliequiv./ml. 

If the break-through value of c4/c, is 
specified, along with the column volume 
and (hence 2), the value of @/S can be 
read from the appropriate chart, and, 
from this, r or V can be calculated. By 
comparison with the previous example, 
assume that the given information leads 
to r= 0.5, = = 40, and c,/c, = 0.05. 
Then Figure 6 shows that @/ = 
so that @ = 35, and r = (0/3) Dgvfp/ 
R = 88 min. 

If c,y/c, and + (hence @) are both 
specified. either a concentration plot 
having an expanded ordinate scale (@ 
rather than @/) can be used, or a 
cross plot giving = as a function of ® 
at the particular r and c/c, can be con- 
structed rapidly from the data of the 
@/ charts. 


Interpretation of Break-through 
Datu. The available experimental data 
must be examined in order to analyze 
the mass-transfer behavior of the ad- 
sorption or ion-exchange system, before 
design calculations are made. If K is 
known for the system, reference curves 
of c/c, vs. @/S are constructed for the 
corresponding r, from the available 
cross plots. The experimental plot of 
c/c, (preferably on a probability scale) 
against r or I” (on a logarithmic scale) 
is then matched to the family of refer- 
ence curves to determine the applicable 
value of =. If the experimental data 
provide the value of @/%, that is, of 
t/s as given in Equation (19), at a 
known c/c, and a known r, = can be 
determined from a single measurement. 

If r is not known from separate 
measurements, it can be estimated from 
a pair of saturation and elution runs at 
the same flow rate, or also sometimes 
trom a set of saturation runs made under 
varied conditions. Methods for this 
purpose will be presented in a later 
paper, which will also show the excel- 
lent fit that the present solutions provide 
for experimental column-performance 
data. 


Notation 


A wide variation has been encoun- 
tered in the nomenclature of previous 
workers. In this paper and a companion 
paper on chromatographic separations 
(29), the present authors have endeav- 
ored to assign the available Roman and 
Greek letters in a manner consistent 
with existing conventions. An effort 
has been made to select experimentally 


measurable quantities as the primary 
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variables. A table which compares the 
symbols used by different authors is 
included in the material filed with the 
A.D.1., and shows that a standard nota- 
tion is greatly needed. 

Dimensions of the variables are indi- 
ated in terms of a typical self-consistent 
set of units. 


= effective area for mass 
transfer through fluid 
film surrounding adsor- 
bent particles, sq-ft./cu. 
ft. 
effective area for mass 
transfer inside adsorbent 
particles, sq.ft./cu.ft. 
solute species 
superscript indicating a 
variable pertaining to a 
case of physical adsorp- 
tion 
concentration of solute in a 
fluid phase at a specified 
point in the column, Ib.- 
moles (or Ib.-equiva- 
lents ) /cu.ft. 
concentration of solute in 
the fluid phase, in equi- 
librium with the 
isting solid phase of con 
centration etc. 
= concentration of total so- 
lute in the fluid phase 
entering the column 
ratio of concentrations on 
solid and in fluid phase 
at saturation, ¢,p)/Cofr. 
dimensionless 
mean diameter of 
bent particles, ft. 
= ratio of void space outside 
particles of adsorbent to 
total volume of packed 
column, dimensionless 
= Brinkley’s function, re- 
lated to J [see Equation 
(26)], dimensionless 
= height or length of column 
ft. 
= height of a mass-transfer 
unit in the packed col 
umn, ft. 
= the error function, 


2 
(2// e~Fdl 


, = Bessel function of zero or 
der and first kind, with 
imaginary argument 


ap 


Ca, Cp, ete, 


coex- 


adsor 


1,(2 V = 


> 


dimensionless 
J = solution function 

at r=1, 

sionless 


giving 
dimen- 


. 
AY 
A,B, ete 
ad 
his 
ete 
i 
fo 
De 
d, 
fe 
h 
Hy 
H 


Ruin = vate factor for second-or- 
der surface-reaction- 
controlled case, cu.ft./ 
Ib.-mole /min. 

ky = mass-transfer coefficient 
for case of fluid-phase 
transfer controlling, ft.4 
/\b./min. 

k’» = same as above, for case of 
pore-diffusion control- 
ling 

kp = mass-transfer coefficient 
for case of transfer in- 
side solid particles con- 
trolling, ft./min. 

K = chemical equilibrium con- 
stant for ion exchange, 
K*4 = Langmuir con- 
stant for physical ad- 
sorption 

K" = apparent second-order 
equilibrium constant as 
approximated for ex- 
changing ions of un- 
equal valence, dimen- 
sionless 

L,M = numerical coefficients 

Ny = number of transfer units, 
as defined by Equation 
(57) or (58), dimen- 
sionless 


Jaq, etc. = concentration of solute in 


the solid phase at a 
specified point in the 
column, Ib.-moles (or 
Ib.-equiv.) /Ib. dry ad- 
sorbent 


etc. = concentration of solute in 


the solid phase, in equi- 
librium with the coexist- 
ing liquid phase at con- 
centration c,4, etc. 

Q2 = total concentration of so- 
lute in the solid phase 
when complete satura- 
tion is reached. For ion 
exchange, g, = Q; for 
simple adsorption, qg, = 
OKe, / (1+ Key), 
moles (or Ib.-equiv.) / 
Ib. dry adsorbent 

Q = ultimate adsorbent capa- 
city of the solid phase, 
in concentration units 

r = equilibrium parameter, di- 
mensionless, for ion ex- 
change, r= 1/K, for 
adsorption, r = 1/(1+ 
K4c,) 

R= volumetric flow rate of 
fluid through fixed solid, 
cu.ft. /min, 

Ry = ratio of rate of zone ad- 
vance to velocity of 
fluid, dimensionless 

$ = column-capacity parameter, 


S = cross-sectional area of col- 


t 


, 


umn, sq.ft. 

solution-capacity  param- 
eter for the kinetic case, 
dimensionless; t = («/ 
Dg) (V —vfg)/R 

throughput parameter, di- 
mensionless; t/s = c, 
(V —vfg)/demv | see 
Equation (19)] 

actual linear flow rate of 
fluid phase through 
fixed solid, ft./min. Uf, 
is the superficial linear 
flow rate through an un- 
packed column of the 
same diameter 

bulk-packed volume of col- 
umn, cuft.; v= hS; 
vfg is the void volume 
of the column 

weight of dry adsorbent 
charged to column, Ib. 

volume of saturating fluid 
fed to column, cu.ft.; 
V—vf, is the volume 
of saturating fluid that 
has reached adsorbent at 
a volume v downstream 
from the column inlet 

variables 

valence of ion A 

valence of ion B; 8 may be 
equal to a 

an increment, or difference 

a variable 

general rate coefficient in 
the transfer-unit equa- 
tions, 1/min. [see Equa- 
tion (47)] 

density of adsorbent, Ib. 
(dry) /cu.ft. bulk  vol- 
ume (as packed in the 
column and saturated 
with carrier fluid) 
variable associated with 
height or with column 
capacity 

solution-capacity param- 
eter for diffusional 
cases, dimensionless ; 


(kpap/Dg) — vfg/R 
or 
kpap(V —vfg)/R 
throughput parameter, 
same as t/s 
column-capacity parameter 


for diffusional cases, di- 
mensionless ; 


byapt fg /R 


kpapDgvf,g/R 


rt = time, min. 
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PRESSURE DROP IN ANNULI 


Containing Transverse Fin Tubes 


F. W. BRAUN, JR.,* and JAMES G. KNUDSEN * 


Oregon State College, Corvallis, Oregon 


Pressure drops for water flowing in annuli containing transverse fin 
tubes have been determined in the range of Reynolds numbers 260 to 
63,000. For turbulent flow, maximum friction factors occurred when the 
fin spacing was four to five and one-half times the fin height. Friction 
factor plots are presented which may be used to predict friction factors 
in annuli containing transverse fin tubes. These plots were used to 
predict friction factors for helical fin tubes investigated by other workers 
and errors of +15% in the predicted values were obtained in most cases. 


HE purpose of the present investi- 

gation was to study the pressure 
drop for water flowing in annuli con- 
taining transverse fin tubes. Although 
empirical formulae for predicting pres- 
sure drops in annuli made up of two 
smooth tubes are quite well established, 
there is little information available 
which will allow the prediction of the 
pressure drop for fluids flowing parallel 
to transverse fin tubes. 

The growing use of fin tubes in com- 
mercial heat-transier equipment re- 
quires that some knowledge be available 
regarding the pressure-drop character- 
istics of fin tubes. In practice, flow 
parallel to transverse fin tubes is not 
ordinarily encountered. Such a type of 
flow, however, occurs to some extent in 
*Present address: J. D. Parsons Co., 
Los Angeles, Calif. 

t Present address: University of Michi- 
gan, Ann Arbor. 


Complete detailed tables are on file 
(Document 3674) with the American Docu- 
mentation Institute, 1719 N Street, N.W., 
Washington, D. C. Obtainable by remitting 
$1.00 for microfilm and $4.20 for photo- 
prints. 


baffled multitube heat exchangers. 
Knowledge of pressure drops in annuli 
containing transverse fin tubes is the 
logical starting point for establishing 
relationships which will predict pressure 
drops in fin tube heat exchangers. Like- 
wise, it has been shown recently that 
annuli containing transverse fin tubes 
have quite high heat-transfer capacity 
per unit of power expended in pumping 
the fluid through the annulus (6). 
Hence, knowledge of the pressure drop 
in such annuli would be useful. 

Little work has been done on the pres- 
sure drop in annuli containing fin tubes. 
Such studies have been made by Gunter 
and Shaw (3), and de Lorenzo and 
Anderson (7), who sttdied longitudinal 
fin tubes. Annuli containing helical 
transverse fin tubes have been investi- 
gated by Katz, et al (5), Govier (2), 
and Knudsen and Katz (6). None of 
these latter investigations has been of 
sufficient extent to determine the effect 
of the variables involved in such annuli. 
Thus no empirical correlation showing 
the effect of fin spacing, fin height, in- 
ner-tube diameter, and outer-tube dia- 
meter has been obtained. 
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A cross section of an annulus con- 
taining a transverse fin tube is shown 
in Figure 1. Various dimensions which 
describe this annulus are the inside 
diameter of the outer tube, D,; the fin 
diameter, D,; the root diameter, D,; the 
fin height, WW’; the fin spacing, S; and 
the fin thickness, t. Some difficulty is 
encountered in selecting the appropriate 
equivalent diameter of an annulus con- 
taining a transverse fin tube. In irregu- 
lar conduits the practice is to use an 
equivalent diameter which is four times 
the ratio of tae cross-sectional area to 
the wetted perimeter. With amuli of 
the type considered in the present work, 
the cross-sectional area varies and the 
equivalent diameter obtained depends 
on the cross-sectional area used. Equa- 
tion (1) expresses the equivalent dia- 
meter at the minimum cross section 
while Equation (la) gives the equiva- 
lent diameter at the maximum cross 
section. 


D D,* — D,?) 
(1) B) min 4 Dy) 
D, - dD, (1) 
D,*) 
=4 
(Dg) maz 4n( De 


= D.—D, (le) 


For irregular conduits a volumetric 
equivalent diameter has been developed 
which is four times the ratio of the 
free volume to the wetted surface. This 
equivalent diameter is used in correlat- 


Fig. 2. Flow sheet of equipment. 
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TABLE 1.—SUMMARY OF ISOTHERMAL PRESSURE-DROP DATA 


Fin 
Spacing 
in 


0.0628 
0.1256 
0.1884 
0.260 


Reynolds 
Number 
range * 


2,760-48,800 
2,350-60,000 
2,850-63,500 
456-28,700 
342-18,400 
250-18,450 
2,930-33,800 
2,100-51,400 
6,090-45,000 


Range of 


5 5-100" 
SPACERS 


COPPER 


ASSEMBLED SECTION 
on 3/8" STEEL ROD 


Fig. 3. C of a 


ing data on banks of tubes. For the 
annuli containing transverse fin tubes 
the volumetric equivalent diameter is 
detined in Equation (2). , 


D, 


4 volume of free space /foot annulus 
area of wetted surface/ft. annulus 


0.0628 
0.1256 
0.1884 
0.260 
0.504 
1.9003 
1.507 
2.006 


* Reynolds number calculated from Equation (5) using (D,) 


Jameson (4) has defined an equivalent 
diameter for transverse fin tubes. This 
equivalent diameter, expressed in Equa- 
tion (3), is used to calculate the equiva- 
lent diameter of banks of transverse fin 
tubes. 


[. Ay 
Using (Dg) min the Fanning friction 


factor may be calculated from Equation 
(4) 


(3) 


$+0 1256" 


1000 


3 
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Fig. 4. Friction factors for 
various fin tubes. 
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23,000 
§-18,800 
13,500 
“18,700 
-19,700 
-13,000 
-13,800 


“15,700 


235- 7,790 
195- 8,020 


—dP 
dL DE) min 


Using this same equivalent diameter, the 
Reynolds number is 


(4) 


= mae (5) 
If it is desired to calculate the Fanning 
friction factor and Reynolds number 
using a different equivalent diameter it 
is necessary only to substitute the re- 
quired diameter in place of (Dg) mm in 
Equations (4) and (5). 

Knudsen and Katz (6) have found 
that for streamline flow in annuli con- 
taining helical transverse fin tubes, the 
friction-factor data’ for a number of 
different tubes could be satisfactorily 
correlated if the equivalent diameter 
(Dg) min Was used. Using this equiva- 
lent diameter these workers reported 
turbulent flow friction factors for a 
number of helical transverse fin tubes. 
For each tube a separate friction factor- 
Reynolds number curve was obtained 
Insufficient tubes were studied in order 
to obtain any empirical relationship 
which could be used to predict turbulent 
flow friction factors for helical trans- 
verse fin tubes in annulli. 


Experimental Equipment 


A schematic flow sheet of the experi- 
mental equipment is shown in Figure 2 
The outer pipe of the annulus consisted of 
two 52-in. lengths of cast Plexiglas tubing 
having an I.D. of 1.482 + 0.005 in. Special 
entrance and exit sections similar to those 
used by Knudsen and Katz (6) were con- 
structed. Pressure drops were determined 
over the downstream end of the annulus 
between taps numbers 2 and 3, which were 
54 in. apart. 

Transverse fin tubes were assembled us- 
ing aluminum washers as fins with copper 
spacers between them on a ¥%-in. rod as 
illustrated in Figure 3. The copper spacers 
had an O.D. of 0.500 + 0.002 in. Spacers 
having lengths of 0.0628, 0.260, 0.503, and 
1.003 in. were made and using combinations 
of these, fin spacings of 0.0628, 0.1256, 
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0.1884, 0.260, 0.503, 1.003, 1.507, and 
2.006 in. were investigated. Aluminum 
washers having diameters 0.750, 1.000, and 
1.255 in. were used. With the above com- 
bination of fin spacings and fin diameters 
twenty-two different fin tubes were studied. 
The thickness of all the aluminum washers 
was 0.025 in. 

All flow rates were determined by cali- 
brated orifices. Pressure drops were deter- 
mined by means of liquid-liquid differential 
manometers. In the case of small pressure 
drops a micromanometer was used. 


Experimental Data 


Isothermal pressure-drop data were 
obtained for water flowing in the an- 
nulus. A summary of the conditions for 
the measurement of the pressure drop 


is given in Table 1. Twenty-two fin- 
tube arrangements were investigated. A 
complete tabulation of experimental 
data is too large for the present paper, 
but is available (7).* 


Correlation of Experimental Data. 
As is shown in Table 1, a number of 
water flow rates were employed for each 
fin tube studied. The pressure drops 
obtained at these flow rates permitted 
the calculation of friction factors. Cor- 
responding Reynolds numbers could also 
be calculated. All data were plotted in 
the form of friction factor-Reynolds 
number plots. It was found that an in- 

*On deposit with the American Docu- 
mentation Institute. 


dividual friction-factor curve was ob- 
tained for each of the twenty-two fin 
tubes studied regardless of which equiv- 
alent diameter was used to calculate the 
friction factor and the Reynolds number. 

In Figures 4 and 5 all experimental 
data are shown plotted as the friction 
factor vs. the Reynolds number; these 
quantities were calculated using the 
equivalent diameter defined in Equation 
(1). These two figures show a total of 
twenty-two friction-factor curves, one 
for each fin tube studied. Figure 4 in- 
cludes fin spacings of 0.0628, 0.1256, and 
0.1884 in. and Figure 5 is for spacings 
of 0.260, 0.504, 1.003, 1.507, and 2.006 
in. Both figures include the three d**- 
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ferent fin sizes studied. Experimental 
data are quite regular and in most cases 
deviate only a small amount from the 
drawn friction-factor curve. 


Correlation of Streamline Flow 
Data. Figure 5 shows that in the re- 
gion of low Reynolds numbers the fric- 
tion factor is inversely proportional to 
the Reynolds number. The data, how- 
ever, are limited in this region of flow. 
Based on these data the friction factors 
for streamline flow may be represented 
approximately by the following equa- 
tions : 

f = 21 Nz,—} for D, = 0.750 in. 

(6) 
1.000 in. 

(7) 
1.255 in. 

(8) 


These equations may be averaged to the 
following : 


f = 20 Nz,—! for D, - 


f = 18N,,~! for D, = 


f = 196 Ny. (9) 


This equation is only in fair agreement 
with that obtained by Knudsen and 
Katz (5) for streamlined flow over 
helical transverse fin tubes. These 


workers obtained the relationship 


f = 246 (10) 


The reason for the discrepancy be- 
tween Equations (9) and (10) may be 
due to a number of factors. Equation 
(9) is for true transverse fin tubes 
while Equation (10) is for helical fin 
tubes. An observational study of stream- 
line flow over the helical fin tubes of 
low fin spacing (6) indicates that no 
liquid enters the fins spaces. Helical fin 
tubes should behave the same as true 
transverse fin tubes. The amount of 
streamline flow data obtained in the 
present work is not large enough to war- 
rant a more general correlation than is 
given in Equations (6)-(8). It indi- 
cates, however, that the friction factor 
is inversely proportional to the Reynolds 
number. 


Correlation of Turbulent-Flow 
Data. Figures 4 and 5 show that a 
friction-factor curve is obtained for each 
fin tube studied. In most cases, in the 
turbulent flow region, the friction factor 
decreases slightly as the Reynolds num- 
ber increases and eventually becomes 
constant at high Reynolds numbers. In 
a few instances the friction factor has 
not -eached a constant value and in still 


other cases the friction factor actually 
increases with increasing Reynolds 
number. This latter phenomenon was 
also observed by Knudsen and Katz (6). 

Figures 4 and 5 are of no use in 
predicting friction factors for annuli 
containing transverse fin tubes. A cor- 
relation is required which takes into 
account all the dimension variables de- 
scribing the annulus. Dimensional anal- 
ysis would indicate that the friction fac- 
tor, in addition to being a function of 
the Reynolds number, is also a function 
of dimensionless ratios of the various 
length terms. In the present investiga- 
tion, fin height and fin spacing are the 
only dimensions varied. Diameters D, 
and D, remain constant. However, 
curves have been obtained which take 
into account all the significant dimen- 
sions of the annulus. Cross-plots have 
been made of Figures 4 and 5 at con- 
stant Reynolds numbers. These plots 
are the friction factor vs. the dimension- 
less ratio S/IV, the fin spacing divided 
by the fin height. Figure 6 shows four 
such plots at Reynolds number values 
of 5,000, 10,000, 20,000, 50,000. Some 
extrapolation of the curves in Figures 4 
and 5 is required to give all the curves 
in Figure 6. Each curve in Figure 6 is 
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Fig. 6. Dimensionless friction factor plots for fin tubes. 
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at a constant value of the dimensionless 
term, (D,—D,)/(D.—D,). Hence, 
Figure 6 is a dimensionless plot and 
considers all length terms in the annulus 
except the fin thickness, which is con- 
stant at a value of 0.025 in. Inspection 
of Figure 6 shows considerable scatter- 
ing of the points at low values of S/II’. 
Smooth curves have been drawn 
through these scattered points. 

In studying the friction-factor curves 
for one fin diameter, it is observed that 
in the turbulent flow region the friction 
factor increases with fin spacing up to 
a certain point and then decreases as 
fin spacing is further increased. One 
can look upon a fin tube as a rough tube 
whose roughness varies with the fin 
spacing. At zero fin spacing the tube is 
smooth and at infinite fin spacing the 
tube is also smooth. Somewhere be- 
tween these two extremes the tube at- 
tains a maximum roughness. It is at 
this point of maximum roughness that 
the friction factor has its largest value. 

Curves in Figure 6 all show maxima 
at certain values of the fin spacing to 
fin height ratio. These maxima indicate 
the point at which the fin tube is the 
roughest. In general, it may be con- 
cluded from Figure 6, that when the fin 
spacing is four to five and one-half times 
the fin height the friction factor will 
have its maximum value. 

Figure 6 may be used directly to 
predict friction factors in annuli con- 
taining transverse fin tubes. For any 
given annulus and fin tube, the ratios 
S/W and (D,—D,)/(D2—D,) may 
te easily calculated. By interpolation of 
the curves in Figure 6, the friction fac- 
tor for the annulus in question is ob- 
tained at values of the Reynolds number 
of 5,000, 10,000, 20,000, and 50,000. A 
friction-factor curve then may be drawn. 

A more useful series of plots is given 
in Figure 7 for low values of S/W. 
Plots in Figure 7 are cross-plots of 
Figure 6 and may also be used directly 
to predict the friction factor of any 
annulus containing a transverse fin tube. 
The series of plots in Figure 7 are 
somewhat similar to those given by 
Perry (8) for the prediction of friction 
factors for fluids flowing normal to 
banks of tubes. These curves in Figure 
7 are a result of cross-plotting the fric- 
tion factor-Reynolds number curves and 
of smoothing the data. The smoothed 
cross-plots, shown in Figure 6, deviate 
from the experimental data by a maxi- 
mum of about 15% in some cases. Most 
points shown in Figure 6, however, lie 
on the curves. Predicted friction factors 
from Figure 7 will not differ more than 
15% from experimental friction factors 
for true transverse fin tubes, the differ- 
ence in most cases being much less. Al- 
though Figures 6 and 7 are dimension- 
less, they have been obtained for con- 
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stant values of Dy, D,, and the fin thick- 
ness, 


Use of Plots to Predict Friction 


Factors, Knudsen and Katz (6) have 
presented data on friction factors for 


helical 
using different values of Dg and D, 
from those in the present work. Plots 
in Figure 7 have been used to predict 
friction factors for the helical fin tubes 7 


TABLE 2.—COMPARISON OF PREDICTED 
FACTORS FOR HELICAL FIN TUBE 


Tubes tested by Knudsen and Katz (6) 


Tube No. 1 2 

sw 0.94 1.15 

= 35 

0.97 7 

Nee = 5,000 

Predicted f 0.0125 0.0200 
(Pig. 7) 

Experimental f 0.0170 0.0168 
% Error —36.5 +19.0 


= 10,000 


Predicted f 0.0105 0.0165 
Experimental f 0.0110 0.0150 
% Error —4.5 +10.0 
Ng, = 20,000 
Predicted f 0.0105 0.0155 
Experimental f 0.0092 0.0146 
% Error +141 +6.2 
Np, = 50,000 
Predicted f 0.0095 0.0149 
Experimental / 0.0072 0.0139 
Error + 32 +72 
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studied by these workers and these pre- 
dicted friction factors are compared 
with experimental friction factors. 
These comparisons are shown in Table 2 
along with the percentage error in the 
predicted value. The percentage error is 
calculated assuming the experimental 
friction factor to be correct. 

Table 2 indicates agreement within 
+15%% between most predicted and ex- 
perimental values of the friction factor 
tor values of S/W from 0.5 to 1.2 and 
of (D,—D, )/ (D,—D,) between 0.6 
and 1.0. For smaller values of these 
quantities the predicted friction factor 
may be in error by as much as 50% 
Results in Table 2 are encouraging since 
the predicted friction factors apply to 
true transverse fin tubes and the experi- 
mental values are for helical fin. tubes 
and were obtained for different values of 
D, and D,. The fins on the helical fin 
tubes studied by Knudsen and Katz 
were sufficiently close so they approxi- 
mated true transverse fins. 


Numerical Example. To illustrate the 
use of Figure 7 the friction factor will be 
determined for an annulus containing a fin 
tube with 6 fins/in. The fin thickness is 
0.025 in. The diameter of the fins is 1.000 
in. and the root diameter of the fin tube is 
0.625 in. The outer tube of the annulus has 
ar 1.D. of 1.750 in. Summarizing the above 
data (in inches). 


Dz = 1.750 
D, = 1.000 
D, = 0.625 
(De)min = Dy — = 0.750 
w = 2: 0.1875 
The fin spacing, S, is determined from the 
fins per inch and the fin thickness 


1.025 ) 
1 — (0.025) (6) — 9.1417 in. 


For S/W = 0.755 and (D,— D,)/(D:— 
D.) = 0.667 the friction factor at various 
Reynolds numbers is determined from Fig- 
ure 7. These values for the friction factor 
are as follows: 
Reynolds 
number 


Friction 
factor 


5,000 
10,000 
20,000 


0.019 
0.016 
0.016 
0.016 


\ friction factor-Reynolds number curve 
may be drawn for the annulus under con- 
sideration, which curve may subsequently 
be used to calculate the pressure drop in the 
annulus at any flow rate for turbulent flow 

It is desired to find the power required 
to overcome the friction in the above an- 
nulus, 10 ft. in length, in which water is 
flowing at the rate of 20 gal./min. The 
temperature is assumed to be 50° F. 

Annular cross-sectional area outside of 
fins 


«/4(1.750" — 1.000*) 
= 1.618 in? 


Average lineal velocity in annulus 


(20) (144) 
(@) (7.48) (1.618) 7 


= #/4(D? — 


Viscosity of water at 50° F. = 1.308 cp. 
From Equation (5) 


(0.750) (3.97) (62.4) _ 
(12) (1.308) (0.000672) 
For this Reynolds number f = 0.016. From 


Equation (4) —AP due to friction in 10 ft. 
of annulus is 


Nae 


(2) (0.016) (3.97)?(62.4) (12) (10) 
(32.2) (0.750) 
156 Ib./sq.ft 1.08 Ib./sq.in. 


Horsepower required to overcome friction 


-AP = 


— 156(20) 
(7.48) 33,000 


= 0.095 hp. 


Conclusions 


Pressure drops have been determined 
for water flowing in annuli containing 
transverse fin tubes. The effect of vary- 
ing the fin height and the fin spacing 
has been investigated, the root diameter 
of the fin tube and the inside diameter 
of the outer tube of the annulus being 
kept constant throughout all the tests. 
Twenty-two different fin tubes were 
studied, these tubes being made up of 
an assembly of aluminum fins separated 
by spacers mounted on a solid rod. 

Limited data in the region of stream- 
line flow indicate that the friction factor 
varies inversely as the Reynolds num 
ber. 

Friction factors and Reynolds num- 
bers were calculated using an equivalent 
diameter equal to D,—D,. For each 
fin tube a separate friction factor-Rey- 
nolds number curve was obtained. A 
separate curve was also obtained for 
each tube when these quantities were 
calculated using other equivalent dia- 
meters. 

Results for the region of turbulent 
flow indicate that at a constant fin 
height, the friction factor for a fin tube 
increases with increasing fin spacing up 
to a certain point and then decreases as 
fin spacing is further increased. The 
maximum friction factor occurs when 
the fin spacing is four to five and one- 
half times the fin height. 

Curves are presented for determining 
the friction factor in any annulus. One 
set of curves is obtained at each Rey- 
nolds number and the dimensionless 
ratios S/W’, the fin spacing divided by 
the fin height, and (D,—D,)/ 
(D.—D,) are taken into account. In 
this way all length terms in the annulus, 
except the fin thickness, are involved. 
Figures 6 and 7 have been used to pre- 
dict friction factors for helical fin tubes 
investigated by other workers and errors 
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of +15% in the predicted value were 
obtained in most cases. The friction- 
factor plots in Figures 6 and 7 are pro- 
posed for predicting friction factors in 
annuli containing transverse fin tubes. 


Notation 
A, = fin area of transverse fin 
tube, sq.ft. /ft. 
tube area of transverse fin 
tube, sq.ft. /ft. 
= equivalent diameter at 
maximum cross section, 
Eq. (1) 
= equivalent 
minimum 
Eq. (la) 
= equivalent diameter of fin 
tube, Eq. (3) 
volumetric equivalent dia- 
meter of annulus, ft., 
Eq. (2) 
inside diameter of outside 
tube, ft. or in. 
= diameter of fins, ft. or in. 
root diameter of fin tube, 
ft. or in. 
Fanning friction 
dimensionless 
dimensional constant, (Ib.) 
(ft.) /(sec.)* (Ib. force) 
= length along annulus, ft. 
Reynolds number, dimen- 
sionless 
pressure drop due to fric- 
tion, Ib. /sq.ft. 
= projected perimeter of fin 
tube, ft. /ft. 
fin spacing, ft. or in. 
thickness of fins, ft 
average lineal velocity in 
annular space, ft./sec 
height of fin, ft. or in. 
viscosity Ib. /(sec.) (ft.) 
fluid density, Ib. /cu.ft. 


Ae 


(Dg) maz 


diameter at 
cross section 


(Dg) min 


factor, 
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SEPARATION 
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Separation processes, such as fractional distillation, solvent extraction, 
and others, are basically analogous. Industrial application of new sepa- 
ration processes to old separations or of familiar separation processes to 
new separations becomes much easier to visualize when the inherent 
similarities are realized. Certain criteria must be used and certain limi- 
tations are always present regardless of the separation process applied. 
This article reviews the principles of design and operation of separation 
processes from the viewpoint of industrial application. It gives a prac- 
tical guide by which one may quickly estimate the ease or difficulty uf 
a separation. It suggests methods for attacking difficult separation 
problems. A method is outlined for estimating the separation in a pri- 
mary tower without requiring preliminary estimations of the effect of 
recycle streams from subsequent steps. A procedure is given for esti- 
mating nonideal, multicomponent phase equilibria from easily obtainable 
binary phase equilibria. Emphasis is placed on obtaining practical solu- 
tions to separation problems in a reasonable length of time. Where 
necessary, rigorous methods are used, but when such methods become 
unwieldy and time-consuming they are abandoned for approximations 


which serve practical purposes. 


EPARATION is a most important 

industrial process. Such industries, 
as petroleum, petrochemical and the 
chemical industry in general, have large 
investments in separation equipment and 
spend much more in operation. Nature 
rarely provides a raw material in pure 
form and few conversion processes pro- 
duce pure products. The more compli- 
cated our industrial economy becomes, 
the more different materials required 
in relatively pure form for feed stock. 
and the more finished products there 
are to be separated from by-products 
and impurities. Therefore, separation is 
a big business. 


Definition. The separations consid- 
ered here are those where molecular 
mixtures are separated into pure com- 
pounds or at least into two or more frac- 
tions having different compositions by 
processes sometimes classified by the 
term “diffusional operations.” The more 


+ Part I of a three-part paper. Part II 
will appear in an early issue. 
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common of these processes are frac- 
tional distillation, solvent extraction, 
gas absorption, adsorption, and frac- 
tional crystallization. Most of the dis- 
cussion here will pertain to the more 
“difficult” separations, that is separa- 
tions requiring several to many equili- 
brium steps or mass-transfer units. Al- 
though there are no different problems 
involved in “easy” separations, such as 
recovery of salt from brine or sugar 
from molasses, the emphasis is different. 
There the emphasis is on the problem 
of transferring and using large quanti 
ties of heat cheaply. Much attention is 
directed toward controlling minor im 
purities while the main separation is 
treated somewhat incidentally. In diff- 
cult separations attention is directed to- 
ward the mechanism of the separation 


Fig. 1. Fractional Distillation Towers and Avzxilicries. 
Equipment situated in Plains butadiene plant owned by Reconstruction Finance Corp. 
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transfer and minor impurity problems 
are there but their solution is secondary 
to that of the primary separation. Fur- 
thermore, the separations discussed will 
be continuous separations 
large-scale industrial applications are of 
this nature. 


since most 


Basic Similarity of Separation 
Processes 

A casual review of the separation 
processes listed will reveal certain typi- 
cal similarities. For all practical pur- 
poses, two mechanically separable phases 
re handled in each process: 
Vapor-liquid 
Vapor-liquid 
Vapor-liquid 
Vapor-liquid 
Vapor-liquid 
Liquid-liquid 
Vapor-solid 
Liquid-solid 
Liquid-solid 


Fractional Distillation 
Extractive distillation 
Azeotropic distillation 
Gas absorption 

Oil stripping 

Solvent extraction 
Adsorption 


Fractional crystallization 
(The several gas and liquid diffusion sepa- 
ration processes where the two countercur- 
rent streams are completely miscible 
were not included in the list because the 
two “phases” are not simply mechanically 
separable. Otherwise these processes are 
jundamentally similar in operation to the 
separation processes listed.) 

Fer practical purposes the adsorbed 
phase and the solid adsorbent are one 
and the same as far as mechanical 
handling is concerned. In every case at 
least one of the phases is fluid. In oper- 
ition the two phases are passed counter- 
currently to each other. Means are pro- 
vided to bring the phases into equili- 
brium with each other while simultan- 
eously the countercurrent flow contin- 
1ously separates phases approaching 
equilibrium and places them in non- 
equilibrium situations. Finally, the con- 
centration of one component relative to 


A pilot plant model of a continuous fractional 
crystallizer which is ble of pr 
Ib. hr. of pure hydrocorbon product. 


another component of the mixture to be 
separated is less in one equilibrated 
phase than in the other. 

The means used to perform these 
fundamentally similar operations and to 
calculate the equipment size and design 
differ enough to give rise to separate 
and distinct treatments in textbooks and 
handbooks. In fractional distillation the 
two phases being handled are similar in 
composition. Because of this phase simi- 
larity certain simplified methods have 
been devised for calculating fractiona- 
tors. Gas absorbers are usually calcu- 
lated by another method. Extractive and 
azeotropic distillation do not lend them- 
selves to the simplified calculating pro- 
cedures used for the other vapor-liquid 
separation processes. The same applies 
to solvent extraction, adsorption and 
fractional crystallization. Not only do 
simplified calculation methods developed 
ior the other processes prove inadequate 
for these processes but in fractional 
crystallization and adsorption the diffi- 
culty of handling solids in a flow system 
and, in the crystallization, the 
slowness of approach to equilibrium and 
the effects of occlusion introduce prob- 
lems unusual to other methods of sepa- 
ration. Within the last few years large- 
scale industrial use of continuously mov- 
ing beds of solid adsorbent has been 
successful (25) so that the analogy be- 
tween continuous fractional adsorption- 
desorption and fractional distillation is 
apparent. 


case of 


Why have these separation processes 
been treated as distinct operations? The 
distinctions arise in part from the devel- 
opment stages of the several separation 
methods. Only comparatively recent 
times have enough fundamental data 
been accumulated to explain the method 
of operation of these processes and the 
fund of data is still inadequate. In early 
development, the practical knowledge 
was obtained by bitter experience and 
results were expressed empirically and 
reflected the individual peculiarities of 
the processes rather than the inherent 
similarities. Today, with a greater fund 
of information there is no excuse to con- 
tinue artificial distinctions among sepa- 
ration processes. Rather, their similar- 
ity should be stressed so that useful in- 
formation learned on one process can 
be used to assist in designing and oper- 
ating another process. If this is done, 
not only can general and specific knowl- 
edge be applied more effectively to all 
operations but the real differences be- 
tween the processes 
attention for their better understanding. 


can be given special 


Characteristics Distinguishing 
Separation Processes 
Similarities 
esses have already been mentioned. 
of the key or main constituents. 


among separation proc- 
Dif- 


Heat 


ferences arise from several character- 
Restricting this discussion to the 
more difficult separations where concen- 
tration change and temperature change 
per equilibrium step are small or mod- 
erate, these are: 


istics. 


Source of contacting energy. 

Ease of phase separation. 

Rate of approach toward equilibrium. 
Fluidity of the phases. 

Relative size of the phases. 

Equipment size. 


The source of contacting energy in 
bubble-tray towers is almost entirely the 
expansion of the vapor phase. When 
the pressure drop per bubble tray is 0.1 
Ib./sq.in., the energy used per tray is 
about 1500 ft. Ib./lb. mole of vapor 
passed through the tray at 60 Ib./sq.in. 
abs. and about 230 ft. lb./Ib. mole at 
400 Ib./sq.in. abs. Not all this energy 
is used in actual contacting, part being 
consumed in the passage through the 
interior of the bubble-cap assembly. 
Also, at high pressures, the lower den- 
sity of the liquid phase (in ordinary 
distillations) may make use of as high a 
pressure drop as 0.1 Ib./sq.in./tray un- 
safe. Hence the available mixing energy 
in high-pressure columns may be much 
less per unit material contacted, in com- 
parison with a moderate pressure opera- 
tion, than the 1 to 6.6 ratio found in the 
example. High-pressure towers often 
are disappointing in their operating 
pertormance. 

Low-pressure towers, for instance 
those operating in the region of 100 mm. 
Hg abs., cannot afford the high-pressure 
drop used in above example. A pressure 
drop per tray of about 2 mm. has been 
found to give good results in ordinary 
bubble-tray vacuum towers. This 
amounts to an expenditure of about 
18,000 ft. Ib. of energy per pound mole 
of vapor. Even after subtracting a 
generous amount for the energy wasted 
in the bubble-cap passages there is a 
much larger amount of energy available 
for contacting in vacuum towers than in 
moderate pressure towers. 


Bubble trays are not satisfactory for 
difficult separations at higher vacuums. 
The 2-mm. pressure drop per tray 
found desirable in vacuum towers is 
not so much demanded by the energy 
requirement of the contacting step as by 
the necessity for maintaining a reason- 
ably uniform degree of contacting all 
over the bubble tray. Misalignment, li- 
quid gradient and other factors tending 
to give poor distribution must be com- 
pensated by what amounts to an exces- 
sive pressure drop compared with what 
is required for adequate contacting. A 
distillation requiring a maximum of 
20-mm. abs. pressure and at least twenty 
bubble trays obviously cannot operate 
with 2-mm. pressure drop per tray. 
Some method of using the energy of 
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expanding vapor efficiently is needed for 
such low pressure operations. Only 
about 0.03-mm. pressure drop per tray 
is required to give energy equivalent to 
that used for moderate pressure distil- 
lations. This would amount to only 0.6 
mm. in twenty trays, a pressure drop 
that would be welcomed by an operator 
ol a vacuum tower. 

Another commonly used source of 
energy in separation towers is liquid 
head. For a material having a mole wt. 
of 58 and 0.55 sp. gr. (saturated butane 
at 60 Ib./sq.in. abs.), the net difference 
in the densities of the liquid and vapor 
phase is 33.8 Ib./cu.ft. If the contacting 
steps are placed 2 ft. apart, vertically, 
the maximum energy per tray from 
liquid head will be 114 ft. Ib./Ib. 
mole or about one-thirteenth that avail- 
able from expanding vapor. Shower 
decks and spray towers depend largely 
on this source of driving energy. One 
would not expect them to match bubble 
trays in their performance. Packed 
towers derive part of their contacting 
energy from this source and part from 
vapor expansion. Solvent extraction 
towers depend entirely on liquid head 
energy unless jet agitation (pressure- 
drop energy) or outside mechanical en- 
ergy (stirrers) is used. The amount of 
outside mechanical energy that can be 
used per contacting step is unlimited by 
the properties of the system but this 
method requires a considerable invest- 
ment in stirrers and driving members 
and is subject to serious maintenance 
troubles. 

Ease of phase separation, the second 
item among causes of separation process 
differences, is often forgotten. Liquid 
with foaming tendencies or emulsion- 
forming tendencies must not be agitated 
too vigorously with the other phase, or 
an inordinately large separating volume 
will be required per contacting step. The 
advantage of intimate contacting will be 
tar outweighed by the disadvantage of 
the difficult phase separation. In such 
cases there is an optimum degree of 
contacting, much less than usual, which 
gives the lowest over-all investment. 

The rate of approach toward equili- 
brium is a factor having a great deal 
to do with the type of equipment used, 
its design and its operation. This factor 
is taken into account in the tray effi- 
ciency factor in bubble-tray columns or 
the HETP (height equivalent to a 
theoretical plate) in a packed column 
for separations where approach to equi- 
librium is fairly rapid. The other ex- 
treme is found in absorption towers 
where chemical reaction takes place 
(digressing for the moment from the 
scope covered by purely physical opera- 
tiens). In these operations, one equili- 
brium step may be adequate but the 
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tower height or volume may be equal to 
that of a distillation unit containing 
many equilibrium steps. The method of 
calculation for such cases obviously 
must put its emphasis on transfer or 
reaction rates, not on equilibrium steps. 
Examples can be found in industrial 
operations lor cases covering the range 
from practically instantaneous attain- 
ment of near equilibrium to processes 
requiring hours to approach equilibrium. 
Superficially the contacting towers for 
these extreme cases may look similar 
but the controlling factors will be quite 
different. 

The fluidity of the phases has much 
to do with determining the type of con- 
tacting device. Adequate contacting is 
easy when both phases have low vis- 
cosity. Contacting and subsequent 
separation are quite a problem when 
one or both phases become viscous. 
Special means oi handling, which may 
be quite different from those used when 
both phases are fluid, must be used when 
one phase is solid. Sometimes the solid 
phase, such as an adsorbent, is not 
moved but remains in a fixed position 
in a series of beds or vessels. The other 
phase is made to contact the solid phase 
countercurrently by introducing and 
withdrawing it at various consecutive 
points in the series of beds by means 
of a suitable arrangement of pipes and 
valves. 

The relative size of the phases may 
have an important effect on the type of 
contacting device. A suitable means for 
contacting two phases when the heavy 
phase is many times as large as the light 
phase is not likely to be satisfactory for 
contacting where the relative quantities 
of the phases are reversed. 

Equipment size itself has an impor- 
tant effect on the type of contacting 
device used. Laboratory devices do not 
look much like industrial units. Frac- 
tionating towers less than 30-in. diam. 
are usually packed towers while larger 
units are generally bubble-tray towers. 
There are three reasons for this change 
in style with size: 


Interrelationships of space - time - mass 
cannot be kept constant or similar through 
large changes in size of equipment. A good 
design for a small unit may be a failure in 
a large unit. Construction and maintenance 
limitations may make impractical building 
units of a certain style larger or smaller 
than a given size. Bubble-tray columns less 
than 30-in. diam. are not often used indus- 
trially because of the construction and 
maintenance difficulties. The third reason is 
the changing ratio of labor cost to invest- 
ment as size changes. It takes about as 
much labor to operate a small unit as a 
large unit. In a small unit the investment 
cost may be insignificant compared with the 
labor cost. Expensive construction ond de- 
sign practices may be tolerated. ‘She re- 
verse is true for a large unit. 
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Fractional-Distillation 
Generalizations 


An understanding of a few generali- 
ties concerning separations can be of 
great assistance to a plant operator. The 
following remarks specifically refer to 
fractional distillation but they generally 
apply to any separation requiring a con- 
siderable number of equilibrium steps. 

A convenient method for measuring 
the difficulty of a separation is by the 
a factor. This factor is defined as 


where and y, are respectively 
the liquid- and vapor-equilibrium con- 
centrations of components i and 7 be- 
tween which a separation is being made. 
Since the equilibrium-vaporization ratio 
is defined as 


and since at moderate and low pressureg 
in mixtures of closely related compoundg 
which have nearly the same boiling 
points 


where P is the vapor pressure of i and 
a is the total pressure on the system, if 
follows that 


Pa 
P 


The ratio of the vapor pressures of 
related compounds and, in general, of 
most compounds changes only a little 
for a moderate change in temperature, 
usually decreasing (if greater than 
unity) with increase in temperature. 


Unless compounds are similar they may) 


not form “ideal” solutions, one in the 
other. One way of defining an ideal 
solution is to classify all solutions which 
obey the formula 


P,; 
P, 


as ideal after making corrections for 
pressure effects. In the type of non- 
ideality usually encountered, the effect 
on a is to make it larger than the value 
in the above definition when the j com- 
ponent is preponderant and to make it 
smaller when the ¢ component is present 
in the higher concentration. The rela- 
tive change of vapor pressures with 
temperature is such that when 4 is the 
more volatile component a increases with 
merease in 1 and decreases with increase 
in j. Hence, for very small amounts 
of nonideality the tendency is to com- 
pensate for the usual change in the a 
value so that a may be more constant 
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in a fractionator operating on an actual 
mixture than would be the case for a 
perfectly ideal mixture. 

Even in the case of rather nonideal 
systems such as olefins in paraffins and 
diolefins in olefins, use of an a, defined 
by vapor pressures, to measure the ease 
of separation may not be seriously in 
error. The nonideality usually encoun- 
tered is such that the effect on the two 
components of a binary mixture is the 
same when the mixture contains about 
equal quantities of the two substances. 
Since the volatility of each component 
has been increased in the same propor- 
tion the true a@ is the same as the esti- 
mated a. If the nonideality is not so 
great as to shift the pinch from near the 
feed entry to some other part of the col- 
umn, the reflux requirement remains the 
same for ideal and nonideal mixtures of 
compounds with the key components 
having the same vapor-pressure ratios 
where feed compositions are about 50 
per cent (binary mixtures). More equi- 
‘librium steps will be required above the 
Heed entry for the nonideal case but 
fewer below the feed entry. The total 
Mumber of steps will be somewhat 
Jarger, increasing rapidly as the non- 
ideality increases toward the point 

here the pinch is no longer at the 
eed entry. 
| Briefly, a’s based on vapor pressures 
fan be used for preliminary studies and 
@stimations for a large portion of the 

roblems encountered in the more diffi- 
fractional-distillation separations. 
f no evidence is available to judge the 
extent of nonideality, some 
Phase-equilibrium determinations should 
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Fig. 2. Equilibrium steps—reflux relationship. 
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be made before making important de- 
cisions. 

The following generalizations are 
necessarily based on binary mixtures in 
order to keep the formulas and curves 
usably simple. Multicomponent mixtures 
will qualitatively follow the same rules 
where the key components are repre- 
sented by the binary pair in the general- 
ization and the other components in the 
mixtures remain essentially constant in 
quantity and quality. 


When a separation is expressed as frac- 
tion of component ¢ recovered in the over- 
head product and fraction of component 7 
recovered in the bottom product, a useful 
generalization may be made. For a given 
Ry and Ry, the minimum reflux, based on 
the feed, and the minimum equilibrium step 
requirement remain constant regardless of 
changes in the ratio of i to j in the feed. 
Note that the separations are expressed as 
fractions recovery, Ry and K,, not as puri- 


ties of products. For moderate changes in 
the ratio of i to j in the feed either method 
of expressing the separation will be ade- 
quate. However, the fraction-recovery 
method is not limited to any range in feed 
composition change. Note also that the re- 
flux (liquid down-flow per unit time in the 
column above the feed entry) applies to a 
constant feed rate, or the ratio of the inter- 
nal reflux to the feed remains constant. The 
feed is assumed to enter as a liquid at about 
the temperature within the column at the 
point of feed entry. Although for all prac- 
tical purposes the total number oi equili- 
brium steps required does not change, the 
position of the feed entry does, being higher 
for a feed rich in the less volatile compo- 
nent and lower for a feed rich in the more 
volatile component. Note the movement of 
the feed entry contrary to what would seem 
reasonable. 

Minimum reflux ratio and minimum 
number of equilibrium steps are important 
and valuable factors to know about any 
separation of interest. Minimum reflux 
ratio (reflux rate divided by feed rate) is 
the least reflux that can be used and still 
obtain a given separation with an unlimited 
number of equilibrium steps. This ratio is 
not simply determined for a multicomponent 
mixture but for a normal binary mixture 
it may be found from the equation 


Ry) 


a—l 


= (1) 
min. F 


where the L applies above the feed entry 
and entrance of the feed does not change 
the vapor rate in the column at that point. 
Minimum number of equilibrium steps is 
the least number of equilibrium steps re- 
quired to make a separation with an unlim- 
ited reflux L/F = o. For a binary mix- 
ture with a constant a, a modification of 
Fenske’s equation gives 
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Fig. 3. Minimum reflux ratio. 
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log a 
(3) 


where Ninian)» equals the minimum number 
of equilibrium steps required for the sepa- 
ration 

The most important information carried 
in the minimum values is that for any given 
separation more reflux than the minimum 
and more equilibrium steps than the mini- 
mum must be provided before the separation 
can be made. These factors not only. give 
the limiting minimum values but they also 
give practical operating values. Figure 2 is 
a graph of the minimum reflux ratio di- 
vided by the actual reflux ratio plotted 
against the minimum number of equilibrium 
steps divided by the actual number of equi- 
librium steps. The curves on Figure 2 were 
calculated for a's ranging from 1.1 to 1.5 
(difficult separations) assuming a’s and 
molal overflows constant throughout the 
fractionator and expressing reflux ratio in 
terms of the feed and separation in terms 
of fractions recovered. When the feed 
composition is near equal molal_ con- 
centrations of the two components the 
outside (upper) edge of the band applies 
When the iced contains considerably more 
of one component than the other, either the 
more volatile or less volatile, the inner 
(lower) edge of the band is approached. 
The inner edge represents feed composi- 
tions of four parts one component to one 
part the other component. Charts of this 
type have been published before. One by 
Brown and associates (3) does not agree 
with Figure 2 as well as would be expected. 
The reason for this disagreement probably 
lies in the methods used in deriving the 
charts 

Figures 3 and 4 are constructed from 
Equations (1) and (2) and are companion 
charts for Figure 2. A corollary of these 
charts is that many equilibrium steps should 
be used with a large reflux ratio or, con- 
versely, a large reflux ratio with few trays 
is an inefficient manner of operation. A con- 
venient rule to remember is that 60 per cent 
more than the minimum reflux with 60 per 
cent more than the minimum number of 
equilibrium steps gives a fractionator cap- 
able of making a given separation 


Notation 
1 = absorption factor = = 
KV 
= rate, moles per unit 
time 
H,-— H, differential heat of solution 
K = phase equilibrium ratio 
y 
x 
L = liquid rate = heavier phase 


rate of flow, moles per 
unit time 

N = equilibrium step number 

P = vapor pressure 

R = fraction recovery (of a 
component in a_ product 
stream ) 

R = gas constant, used in Equa- 
tion (9) only 

KV 

S = stripping tactor = — 
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(L) 
(S) 


Axi jk 


H 
T 


s= 
= component 


Brown 
tions,” 


solvent entering with feed, 
moles per unit time 


= absolute temperature 


vapor rate = lighter phase 
rate of flow, moles per 
unit time 


= absorption factor, solvent- 


(L) 
(K)(VP) 
phase - equilibrium ratio, 


(xr) 


free basis = 


solvent-free basis = 


= liquid rate, solvent-free basis 


stripping factor, solvent- 
(K)(V) 
(L) 
solvent-free 


free basis 


vapor rate, 


natural logarithm 
concentration in heavier 
phase, mole fraction 
concentration lighter 
phase, mole fraction 
concentration in heavier 
phase, solvent-free basis 
concentration lighter 
phase, solvent-free basis 


= total pressure on system 


relative volatility 
activity coefficient 
differential operator 


= change in x concentration 


per equilibrium step 
moles i passing a given 
point per unit time in 
lighter countercurrent 
stream minus moles i 
passing same per unit 
time in heavier stream 


= total moles in lighter stream 


minus total moles in 
heavier countercurrenting 
stream passing a given 
point per unit time 


SUBSCRIPTS: 


n-heptane 
pressure 
toluene 
concentration 


component j 


= component k 
= equilibrium step number 


solvent 
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CHEMICAL MARKET RESEARCH—WHY? 


A Statement of Purpose 


HE evolution of the chemical indus- 

try has developed a variety of special- 
ists to cope with the problems charac- 
teristic of its intricacy. Like interpreters 
who think in two languages, hybrids de- 
the 
| chemical engineer, the chemical patent 
and— 
the immediate concern of this series of 


veloped by the industry include 


attorney, the technical salesman, 
; papers—the chemical market researcher. 
All of the specialists must combine tech- 
nical insight with commercial under- 
| standing. 
The basic purpose of industrial mar- 
ket research is to develop and analyze 
supply, and 


prices to answer three major questions : 


information on demand, 
Hlow much of this product can be sold? 
How much of this market can be se- 
What must be 


} cured? competition 


faced? 

The final objective is forecasts real- 
istic enough to serve the planning of 
} sales managers on regular products, of 
| research directors on new products, and 

of management on the over-all problems 
growth. 

In terms of career, steppingstone, or 
simply better understanding of company 
teamwork, market research is of high 
The 
published 


interest to the chemical engineer. 
this 
here and in forthcoming issues, outline 


papers of symposium, 
problems and procedures in chemical 
market research including the economic 
the 
tions and organization of a market re 
staff, 
practices, and the 


background of the industry, func- 


search successiul 
both pub- 
lished and in the field, open to chemical 
market researchers. 


examples of 


sources, 


Throughout these 
papers the chemical engineer will note 
with interest the interaction of the many 
technical and commercial forces that 
meet in the market place. 


—R. M. Lawrence 
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Richard Marston Lawrence, vice-president of the Chemical 
Market Research Association, has been with Monsanto Chemi- 
cal Company in the General Development Department since 
1947. Previously he did chemical market research for Atlas 
Powder Company for ten years and was a chemical expert 
for the U. S. Tariff Commission from 1931 to 1937. Mr. 
Lawrence has a B.S. in chemistry from the University of Cali- 
fornia and an M.S. in chemical engineering from the Uni- 
versity of Illinois. He is a member of the American Chemical 
Society and the American Marketing Association and the 
author of several books in his field. Besides being chairman 
of the symposium on chemical market research for the A.1.Ch.E. 
Atlanta meeting, Mr. Lawrence is co-author of one of the 
papers in the symposium, to be published in a later issue. 


An engineering graduate of Tulane University, M. W. 
Leland joined Shell Chemicai Corporation in 1928 and spent 
ten years in refining technology, advancing to be chief 
technologist at the company’s Houston refinery from 1936 
to 1939. He was then transferred to the manufacturing de- 
partment of the head office, where his work on processes 
and economics of aviation fuel involved serving on govern- 
ment committees and helping to devise new processes for 
aviation-fuel components, one of which was cumene. From 
1943 to 1945 he served as a major on the staff of the Under 
Secretary of War, specializing in aviation-fuel matters. With 
Shell since 1945 as manager of economic research, he has 
been responsible for formulating chemical-industry forecasts 
and conducting a continuing study of the competitive eco- 
nomics of a large number of chemical products. 


Parker Frisselle is manager of the Market Research Depart- 
ment of Dow Chemical Company, Midland, Michigan, a 
position that he assumed in 1950 after seven years with 
Dow’s Western Division and home office in the sales and 
the technical service and development groups. Previously 
he had worked as a chemist and assistant production manager 
for California Products Company. Born in Fresno, Calif, 
Mr. Frisselle graduated from Stanford University with a de- 
gree in chemistry in 1935 and in 1937 received an M. B. A. 
from Harvard University. 
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O provide a background of eco- 

nomic characteristics of the chemi- 
cal industry is not an easy task, because 
the chemical industry is not a single 
homogeneous entity, but rather a col- 
lection of many businesses or indus- 
tries. To describe the characteristics 
of a particular phase of the industry 
would be easier than to characterize the 
total. However, the interrelationship of 
the many pieces of the industry is one 
of the most important problems facing 
anyone doing chemical market research 
and hence is logically a part of any 
background discussion. There is no 
clear-cut agreement as to where the 
chemical industry starts and where it 
ends. Individuals working in one phase 
naturally emphasize their particular 
business and tend to minimize other 
aspects. Even the government agen- 
cies use different definitions in their 
inclusions, for example, in terms of 
familiar products: Is benzene a product 
of the chemical industry or the coal-tar 
industry or the steel industry or the 
petroleum industry? Is rayon a separate 
industry or is it part of the chemical in- 
dustry ? 

At the risk of incompleteness or over- 
simplification, an attempt has been made 
at a description (see Figure 1) of the 
chemical industry, an attempt at a 
functional definition from an engineer- 
ing viewpoint. The concept is that the 
industry contains three phases: recovery 
of raw materials, production of indus- 
trial chemicals, and production of chemi- 
cal products. 

From the raw-material list it is noted 
that the industry is basic, that it starts 
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from holes in the ground. It is complex, 
however, because it starts with a great 
number of holes in the ground. The 
raw materials have been divided into 
five groups. The chart (Figure 1) is 
not complete, as it shows only a few 
important examples of each of the five 
types and omits two raw materials of 
lesser economic importance, air and 
water. Of the five groups shown, only 
in the case of one group, the nonmetallic 
minerals, are mining operations gener- 
ally considered part of the chemical 
industry. In this case the chemical in- 
dustry is the principal consumer of 
these raw materials. The other four 
types of raw materials, of which the 
bulk of the product is used for other 
purposes, are generally considered as 


RAW MATERIALS 


(Nonmetols) 
Limestone, Sulfur 
Phosphate, Salt, Etc. 


(Metals) 


lead, Zinc, Copper, 
Iron, Etc. 


> INORGANICS 


(Ex-Cool) 
Coke, Benzene, Toluene, 


ORGANICS 


(Ex-Agriculture) 


Fats, Molasses, 
Cellulose, Etc. 


INDUSTRIAL CHEMICALS 


pertaining to other industries. The 
chemical industry does use small parts 
of these materials, however, and so from 
the chemical-industry viewpoint they 
are extremery important. 

The next step is the production of in- 
dustrial organic and inorganic chemicals. 
The complexity continues here, too, as 
this phase represents a great number of 
processes and thousands of individual 
chemicals. Many of these chemicals are 
made from one another; for example, 
ethyl alcohol is used to make acetalde- 
hyde, which is used to make acetic acid 
which is used to make acetic anhydride. 

The third phase is chemical products, 
and it is here that the bulk of the in- 
dustrial chemicals is consumed. The dia- 
gram does not provide for the significant 


CHEMICAL PRODUCTS 


Antifreeze 

Hydraulic Fluids 

Petroleum Additives 

Explosives 

Flotation Reagents 

Dyes 

Fertilizers 

Pesticides 

Bleaching Compounds 

Cleaning and Polishing Compounds 
Cosmetic and Toilet Pr ny 
Drugs and Medicines 

Soaps and Detergents 

Adhesives 

Paints, Vornishes ond 


Synthetic Fibers 
Synthetic Rubbers 
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Some Economic Characteristics 
4 
: 
Naphthalene, Etc. 
(Ex-Petroleum) 
Natural Gos, 
} Ethone, Propone, : 
Propene, Butene, 
Toluene, Benzene, Etc. Lecquers 
Inks 
Plastic Materials 
Fig. 1. Diogrom of the chemico 


amounts of industrial chemicals which 
flow directly to such process industries 
as glass, paper, and petroleum ; however, 
there are thousands of individual pro- 
duets grouped on a functional basis. Re 
lated directly or indirectly to most 
ot our modern needs, they run the 
gamut from antifreeze for our auto- 
mobile, to explosives for mining, to 
fertilizer for our food, to drugs for our 
ealth, to paint for the appearance and 
protection of our home and its contents, 
to fibers for our clothing 

Perhaps this brief indication of the 
components of the industry is illustra- 
tive of one of its important character- 
istics, its functional complexity. There 
are other industries, such as petroleum. 
which make a multitude of products out 
of one raw material. Some industries, 
such as the automobile, make a single 
product out of a multitude of raw ma- 
terials. But the chemical industry tops 
them all for complexity, starting with 

multitude of raw materials, carrying 
through thousands of industrial chemi- 
cals, and arriving at the multitude of 
chemical products 

A second broad characteristic is that 

it is dynamic 

aspects to this 
described by 
“growth.” 
and sometimes involving 
rapid obsolescence. Much has been writ 
ten about the growth of the industry, and 
the statistical record is most impressive 
he industry for the most part is grow- 
ing faster than the general economy, 
piimarily because it is increasing its 
contribution to many phases of the it 
dustrial picture. A few examples are: 
the use of fertilizers, which is growing 
faster than the production of food; the 
increasing use of rayon and other syn- 
thetic fibers; the penetration of synthetic 
rubber to over 50% of total rubber con- 
sumption ; the advent of synthetic deter- 
gents, which claim one third of the field 
of cleansing materials; and plastic ma- 
terials, used in place of wood, leather, 
metals, and ceramics. On the other 


There are two general 
concept One can be 
the much-used term 
The other concerns changes 
substitutions, 
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hand, as examples of the dynamics of 
change, one can recognize the decreas- 
ing importance of the manufacture of 
soap from natural fats and of alcohol by 
the fermentation of molasses. 

A third characteristic of the industry 
is that, in the nomenclature of the 
economist, it is a service industry. This 
is simply a way of saying that it serves 
other industries rather than having its 
principal products go directly to the end 
consumer. But in more ways than in 
the academic concept the chemical in- 
dustry is truly a service industry. It 
not only serves practically every phase 
of the industrial community, but does 
an outstanding job in providing new 
and hetter products to the other indus- 
tries. This characteristic has created a 
large demand for technical manpower, 
not only for research, manufacturing, 
and process development, but also for 
technical service and marketing. Tech- 
nical service in the chemical industry 
embraces the type of customer service 
performed in many industries and in 
addition a more elaborate service 
signed to help find the proper technolo- 
gical place for new products and to help 
the user of these products to utilize 
them most efficiently. 

Competition is a fourth broad charac- 
teristic. There may be places in the 
economy where the competition is more 
obvious or more newsworthy, but there 
is no place where it is more diverse. 
\t least four types of competition are 
present in the industry: competition be- 
tween products finds isopropanol and 
ethanol or sorbitol and glycerine compet- 
ing for similar markets ; competition be- 
tween processes is exemplified by at 
least four processes in use for making 
phenol from benzene, and some ten pro- 
cesses for making acetic acid, starting 
with three raw materials; competition 
between raw materials gives rise to 
ethanol produced by synthesis from 
petroleum ethylene and ethanol produced 
from fermentation of molasses, or 
phthalic anhydride produced from coal- 
tar naphthalene and from petroleum 
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ortho xylene, or synthetic detergents 
irom petroleum fractions competing 
with soap produced from natural fats; 
and of course there is the more usual 
type of competition, that between com- 
panies. 

These and many other characteristics 
of the industry must be considered by 
people doing chemical market research. 
It is not possible to cover all of them, 
but it would be amiss not to discuss 
money. The requirements of the chemi- 
cal industry for capital are large: for 
expansion, for research, for technical 
service. And in a complex industry 
which is dynamic and competitive, ex- 
penditure of large amounts of money 
means large risks. The most important 
pertain to investment in new plants, 
either to produce new products or to 
expand production of old ones. 

Risk is another complex characteris- 
tic. There are several types of risk in 
volved in any new project. The manu- 
facturing risk, particularly when a proc- 
new, is whether it will work 
whether it will produce the designed 
amount of material, whether it can be 
built and can produce at the estimated 
cost. The marketing risk entails selling 
the product, and selling it in the quanti 
ties estimated and at the price antici- 
pated. Also, there is always the overrid 
ing risk that the general economy may 
be operating at a lower level when the 
plant is finished than at the time when 
it was authorized. But the greatest risk 
in the chemical industry, is in the money 
appropriated for research. This risk 
however, carries with it the greatest po 
tential gain and is obviously the main- 
spring of new developments and new 
products. To assess the justification and 
risk for sizable expenditure of funds, is 
the function of market research. 

Chemical market research is usually 
a part of a general development pro 
gram, and the most important results oi 
a development program involve decis 
ions on new plants, new construction 
In such activity market research cannot 
avoid dealing in futures. One means of 
forecasting is the use of extrapolation 
or mathematical projections, which are 
not difficult to make but are often dith- 
cult to assess. In the complicated sys- 
tem of competition in this industry, 
however, such a forecast may not be 
good enough for a project involving 
large risks. There is no substitute for 
a thorough understanding both of the 
flow of materials in this complex indus- 
try and of the competitive and other eco- 
nomic The proper analysis of 
such situations requires a broad back 
ground in chemistry, engineering, and 
economics. It is not surprising, there- 
fore, that market research increasingly 
offers opportunity to chemical engineers. 
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speaking, market re- 
search has one basic objective, to 
answer the all-important questions who? 
what? where? when? Who will buy 
what chemical in what quantities of 
what quality at what price in what con- 
tainers against what product competi- 
tion and against what company com 
petition? Where will they buy? Is the 
market on the west coast—in the south? 
Is it an export market? How distant is 
it?) Finally, when will they buy and 
for how long? Generally speaking, 
manufacturers are not interested in tem- 
porary markets. They must know when 
the market will open and whether it 
will maintain itself or disappear after 
a particular need has been met. Market 
researchers feel that the answers to 
these questions are important to re- 
search, production, purchasing, sales, 
and management. 

How are these questions answered ? 
We at Dow answer them by five general 
methods: product surveys, industry sur- 
veys, area surveys, sales forecasting, 
and trade-sales analysis. 

As an example of a product survey 
our market research department was 
asked a few years ago by our sales de- 
partment to determine the national mar- 
ket for triethanolamine. Our company 
has made triethanolamine for a number 
of years; in 1949 we produced and sold 
a small percentage of national produc- 
tion. Specifically, we were asked, is 
the national market large enough to 
make expansion by Dow profitable? Onc 
hundred and twenty-six personal calls 
later we had an answer. 

There was approximately 17,000,000 


Chemical Engineering Progress 


emical Market 


Functions 


Research 


Ib. of triethanolamine sold annually in 


the country, we learned from an investi 
gation made in the latter part of 1950 
Obviously, there was a sizable national 
market that offered considerable oppor- 
tunity for the expansion of our produc 
tion. But there were other factors to 
be considered. We had also determined 
competitive productive capacity to be 
about 16,000,000 Ib. Adding in our 
sales, we came out with an answer which 
made it appear that there was no short 
age of triethanolamine in the market. 
Therefore, we should not have been in 
terested in increasing our production 

We knew, however, from the survey 
that there was a greater shortage than 
these figures indicated; and so we had 
to adjust the figures by yet other con- 
siderations. We learned that one manu- 
facturer was diverting ethylene from 
ethanolamine production to ethylene 
glycol and other ethylene uses. We knew 
that another had just come into pro- 
duction, and we knew that still another 
would probably be coming into produc 
tion in the latter part of 1951. After 
considering all facets of the problem, 
we finally arrived at an estimate that 
there was probably a 5 to 6 million Ib. 
market open if we moved quickly. 

We had answered the original ques- 
tion, is the national market large enough 
to make expansion profitable? and we 
had pointed out the extent to which the 
market was short. We had thus nar 
rowed the field of executive decision by 
developing as many facts as possible 
about the market and putting them in 
the hands of people who have to make 
the decision 
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A second example of a market re- 
search function is an industry survey. 
An industry survey, as we use the term, 
is generally made on an old, established 
product, the investigation is usually 
more intensive than is a product sur- 
vey, and it is a continuing study, in 
that we plan to keep up with develop- 
ments through the years. Caustic soda 
is a good example. 

We were asked by our management 
about two years ago to study the caustic 
soda picture and to develop a sales tool 
that our salesmen could use to get more 
business for this product. At that time 
the chemical industry had a surplus of 
caustic soda and a very serious problem 
in disposing of it. 


The goal—finding the morket. 


In this started with lis 
torical information, plotting the growth 


of both electrolytic and lime soda caus 


survey, we 


tic, total national caustic consumption, 
other industry data. We then 
brought the study down to a more per- 


and 
sonal basis and showed why the prob 
lem was acute for Dow particularly. We 
plotted Dow chlorine production trom 
1934 to 1949 to show its tenfold growth 
and mack a comparison of Dow's posi- 
tion with the total industry. We showed 
that in the period 1939-1949 national 
consumption of soda had ap 
proximately doubled. Dow’s production 


caustic 


of caustic soda during the same period 
had gone up seventold, and our sales 
of caustic soda had risen between five 
and five-and-a-half-fold 

We then went from that into a study 
competitors. We identified the 
plants by location, determined their ca- 
pacities, worked out a picture on the 
competitive situation, and then passed 
from that on into the caustic-consuming 
industries. We made a study of four 
of the major caustic-consuming indus- 
tries, listing in our report by identity 
and by geographical location 337 oil re- 
finers with a 200,000-ton /yr. capacity 
to consume caustic, 166 paper mills with 


of our 
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the same capacity, 13 rayon and cel- 
lophane companies who could consume 
500,000 tons of caustic, and 49 rubber 
reclaimers who could consume 26,000 
tons. This total of 926,000 tons was 
almost half of the national production 
of caustic at that time. 

In making these figures available to 
our men, we broke things down to show 
them in detail where this potential busi- 
ness in caustic soda could be found. We 
listed the capacity of the oil refineries 
in barrels per day to refine oil—that 
gave the salesman an idea of the size 
of the unit with which he was dealing. 
Then we calculated the potential caus- 
tic consumption of the refinery at 100% 
Finally, we listed what the 
salesman told us he expected to sell to 
each refiner. Putting the report in this 
identifies 


operation 


form has two advantages; it 
the imdividual customer, what 
we should be doing with each, and, 
more important from the standpoint of 
selling, gives each salesman a work 
heet with which completely to cover 
the valuable consumers within an in 
dustry. 


All the 


shows 


industries mentioned, rayon, 
paper. petroleum and rubber, were bro- 
ken down in this way, to individual 
plants, to act as a sales guide. In addi- 
tion, we have now almost completed 
listing all vegetable-oil refiners, all 
-izable soap manufacturers, all lye manu- 
and all textile finishers. We 
hope to add to this list all chemical 
manufacturers and miscellaneous users, 
thus covering total national caustic con- 
sumption. 


tacturers, 


Passing from an industry survey, let 
us discuss an area survey. We recently 
opened a new sales office in Atlanta to 
serve the area covered by North and 
South Carolina, Alabama, Georgia and 
Florida, calling this our Atlanta terri 
tory. The sales department was very 
interested in knowing how the area 
measured up to the rest of the United 
States—what sort of territory were we 
going into? was it a particularly good 
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chemical consumer, an average one, or 
a poor one? 

The population of these five states is 
10% of the United States total. In 
making a comparison, therefore, with 
other areas where we sell our chemi- 
cals, we can estimate that if they have 
10% of the population, they should have 
10% of the industry, 10% of the farm- 
ing, 10% of national income—and they 
should buy 10% of Dow’s products. This 
yardstick is debatable, but we find it 
a good measure of an area. How does 
the area measure up? Eight and nine- 
tenths per cent of the chemical-con- 
suming industry of the country, meas- 
ured by the value that is added by 
manufacture, is located in the Atlanta 
territory. However, this area is very 
heavy on textiles, and textiles in gen- 
eral are not particularly good consum- 
ers of our products. When we remove 
the textile segment of the chemical- 
consuming industry, the remainder is 
down to 3.7% of the national total. On 
this basis, the area is not so industrial- 
ized as the average state in the United 
States, and, furthermore, we have to 
keep in mind that the average in the 
United States includes such states as 
New Mexico, Arizona, Utah, Wyoming 
and similar places where there is vir- 
tually no industry. So we find the At- 
lanta territory somewhat behind the av- 
erage of the country and certainly be- 
hind good chemical-consuming areas 
like Chicago, the Central Atlantic sea- 
board, and industrial New England. The 
rate of growth in these five southern 
states, however, was 20% the 
during period 


above 
national average the 
1939-1947, 

We then took a look at total income. 
With 10% of the total population in the 
United States, the Atlanta territory has 
only 6.6% of the income. This means 
that as consumers for products of our 
manufacture or things which are made 
from our products, the people in this 
area are not up to the United States 
average. 
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Four major caustic-consuming industries 
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Area survey reveals some barren spots. 


In regard to the farming situation, 
the Atlanta territory has 7.4% of the 
farm area and 7.9% of the farm in- 
come. The income per acre is quite well 
balanced. However, these five states 
with only 7% of the nation’s farm area, 
have 16% of the nation’s farms. This 
means that each farm is less than half as 
big as the national average and the pet 
farm income is less than half as large 
as it is for the average of the United 
States. So the general picture ts that 
this is a poor area in which to sell agri 
cultural chemicals. 

From here we pass to a study of the 
individual industries in the Atlanta ter 
ritory. What could we expect in the way 
of different types of industry > How big 
would they be compared to the rest of 
the United States or compared to the 
average of each state? As mentioned 
previously, the biggest industry in this 
five-state area is textiles, 350% of the 
nation’s capacity lying in the five states 
The next largest industry is paper, fol 
lowed by food products, chemicals, et: 
Conspicuous by their absence are sig 
nificant petroleum, rubber, and leather 
industries 

We added to this statistical analysis 
a study of the location and operation 
of our competitors. In the territory 


there were 40 companies with 61 sales 
offices and 63 factories. We added to 
that a list of 2856 potential customers 
of whom we had no previous record, 
as an aid to our salesmen in beginning 
their development of the area 

In making this economic and indus- 
trial study, of which this is only a brief 
outline of the actual work done, we 
think that we gave our sales department 
and management an idea of the economic 
climate into which we were moving 
We showed them that on the basis o 
population almost every activity and 
measure of economic strength in this 
irea is below normal for the United 
States and that, therefore, the area does 
not represent as good a market as we 
would have hoped to find 

The fourth market research function 
is sales forecasting. Our market re- 
search department prepares a sales fore- 
cast every month for production. We 
actually do no forecasting ourselves but 
act as a consolidating point or clearing 
house for anticipated monthly or quar 
terly figures given to us by various pro 
duct managers within the sales organiza 
tion. We put them in usable form and 
then pass them back to production for 
scheduling use. The same torecast 1s 
eiven to the sales department every 3 
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months, showing what sales are esti- 
mated to be in both pounds and dollars, 
and that same report is also used by 
management. In addition to this short- 
range or yearly sales forecasting, we 
annually prepare a 5-year sales forecast 
in much the same manner. This is used 
for long-range planning within our com- 
pany. It enables management to plan 
the financial, physical-plant, manpower, 
and raw-material requirements tor our 
growing company 

The last of our major functions ts 
what we call our trade-analysis system. 
This is a method of keeping track of our 
customers on IBM cards. We record 
our sales to them, and, equally import- 
ant, we try to keep track of what our 
competitors sell them, as well as how 
they use our products. By adding to- 
gether our sales and our competitors’ 
sales, we, of course, can arrive at the 
total national market. While the govern 
ment publishes figures on about 10% of 
our chemicals, the national sales of thé 
other 90°% must be developed in the pre- 
ceding manner. If we are going to do 
an intelligent job of planning produce 
tion, selling, and plant growth, wé 
must know exactly where we stand iff 
any given market for a given chemicaly 
and for this information we rely on the 
trade-analysis system, which is based on 
our salesmen’s reports of call, sent ia 
on each customer. Once the information 
is fed into IBM cards, we are able to 
break it down by areas, by branches, by 
states, by salesmen, by industry, by 
company, by use, by competitor, and by 


almost any combination of these classi- 


fications. Trade-sales analysis is an ex- 
tremely useful tool from the standpoint 
of both market development and man- 
agement control. 

There are many other jobs that mar- 
ket research can and does perform; 
however, in my opinion these five are 
the most significant 

Market research makes two important 
contributions. First, it lowers the cost of 
products by the study of markets: it en- 
sures that adequate production is avail- 
able when the market requires the pro- 
duct; and on the other hand it makes 
certain that too much capacity for the 
production of a given product is not 
built by ill-advised optimism about a 
market. Market research lowers the 
cost of products also by proper plant 
location between raw material and mar 
ket and by better distribution. Second, 
in lowering the cost of products, market 
research prevents economic waste bot! 
within an individual company and within 
the nation. This prevention of economx 
waste is of growing significance im a 
country that has squandered its re- 
sources like a drunken sailor and is 
now called upon to contribute billions 
to the support of most of the free world 
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PLASTICS EQUIPMENT REFERENCE SHEET 


RAYMOND B. SEYMOUR and ROBERT H. STEINER 


The Atlas Mineral Products Co., Mertztown, Pa. 


SARAN: This unfilled, slightly flexible 
thermoplastic material is available in 
the form of sheets up to ‘2 in. in thick- 
ness, rods and pipe up to 4 in. 1.D. 
Molded fittings are available for all 
sizes of pipe. 


APPLICATION AND REMARKS: Sheet 
may be formed, drawn or welded 
to form chemical resistant structures 
such as ducts, hoods, plenum cham- 
bers, stacks, 
splash covers 
and tanks. 


lene. Special shapes can be in- 
jection-molded. The major use of 
Saran in the chemical process in- 
dustry is in the form of extruded 
tubing and as lined pipe. 


CHEMICAL COMPOSITION: Copolymers 


of 85-95% vinylidene chloride with 
5-15% vinyl chloride or acrylonitrile 
plus small amounts of plasticizers, 
pigments and stabilizers. 


TYPICAL MECHANICAL AND PHYSICAL PROPERTIES: 


MACHINABILITY: May be heat-formed 


by the use of dies or blowing tech- 
niques, welded by hot gas process 
using Saran welding rod, heat-sealed, 
cemented, ground, turned, sanded, 
stamped, drilled and milled. Since it 
is thermo-plastic with a sharp melting 
point, a coolant is recommended in 
many machining operations. Sheets 
should be welded at 300-400° F. 


TEMPERATURE 
LIMITATIONS: 


Welding is 
more difficult 
than with 
rigid poly- 
vinyl! chloride 
or polyethy- 


Tensile Strength, Ib. /sq-.in. 
Elongation, ‘; 

Impact Notch, Izod Ib. in 
Hardness, Rockwell M 
Flexural Strength, Ib. sq.in 
Compressive Strength, Ib. sq.in 
Modulus of Elasticity (x 10° Ib 
Specific Gravity 

Heat Distortion (° F.) 
Specific Heat (B.t.u. (Ib.) zy 
Thermal Expansion (in F.x 10 
Thermal Conductivity, B.t.u 


Not recom- 
mended for 
service at 
tempera- 
tures above 


160° F. 


sqin.) 


70-150° F 
(70 ‘120 F 


Dielectric Constant, 
Flammability 


CORROSION 


glacial 
Benzene sulfonic 
Benzoic 
Bori 
Butyric 
Chloroa: etic 
Chromic, 10% 
Chromic, 50% 
Citric 
Fatty Acids (Cs-Cis) 
F luosilicic 
Form 
Hydrobromic 
Hydrochloric 
Hydrocyanic 
Hypochlorous 


Perchloric 

Phosphoric 

Pic ric 

Stearic 

Sulfuric, 50% 

Sulfuric, 70% 

Sulfuric, 93% 

Oleurn 

Mixed Acids 57% Hs SOx 
28% 


c 
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F 
E 
E 
E 
P 
P 
E 
E 
E 
E 
E 
F 
E 
E 
E 
E 
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E 
E 
E 
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ALKALIES 
Ammonium hydroxide 
Calcium hydroxide 
Potassium hydroxide . . 
Sodium hydroxide 


ZZmZ 


RATINGS: 


No attack 
ippreciably no attack 


Some attack but usable in some inetances 


itracked—-not recommended 
adiy attacked 


F 


10* cycles 


(sec.) (sq.ft.) (° F 


ACID SALTS 
lum or Aluminum sulfate 
Ammonium chloride, nitrate, 

sulfate 


Copper chloride, nitrate 


fa 
Nickel 
sulfate 
Stannic chloride 
Zine chloride, nitrate, sulfate 


nitrate, 


ALKALINE SALTS 
Barium sulfide 
Sodium bicarbonate 
Sodium carbonate 
Sodium sulfide 
Trisodium phosphate 


NEUTRAL SALTS 
Calcium chloride, sulfate 
Magnesium chloride, sulfate 
Potassium chloride, sulfate 
Sodium chloride, sulfate 


GASES 
Chlorine, wet 
Chlorine, dry 
Sulfur dioxide, dry 
Sulfur dioxide, wet . 


ORGANIC MATERIALS 
Acetone 
Alcohols, methyl, ethyl 
Aniline 
Benzene 
Carbon tetrachloride 
Chloroform 
Ethyl! Acetate . 


Chemical Engineering 


in. x 10-*) (70-120° F.) 


mmmm mm mam 


mmmm 


ZZZZZ™Z 


Progress 


self extinguishing 


RESISTANCE 


Ethylene dichloride .. 
Formaldehyde, 37% 
Phenol, 5° 

Refinery crudes 
Trichloroethylene 


PAPER MILL APPLICATIONS 
Kraft liquor 
Black liquor 
Green liquor 
White liquor 
Sulfite liquor 
Chlorite bleach 
Alum 


PHOTOGRAPHIC 
Developers 
General use 
Silver nitrate 


FERTILIZER INDUSTRY 


General use 


STEEL INDUSTRY 
Sulfuric acid pickling 
Hydrochloric acid 
H.SO,-HNOs pickling 


TEXTILE INDUSTRY 


General use 


FOOD INDUSTRY 
General use . 
Breweries 
Dairies 


MISCELLANEOUS INDUSTRIES 
Plating 
Petroleum 
Tanneries 
Oil and Soap 
Water and Sewer 


= 
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FULL program that comprises hve 

symposia, two panel discussions, 
three sessions devoted to general papers, 
and plant inspection trips will feature 
the Forty-fiith Annual Meeting of 
A.L.Ch.E, to be held in Cleveland, Ohio, 
Dec. 7-10, 1952. In addition to the tech- 
nical program, there will be a ladies’ 
program, entertainment, presentation of 
awards and the annual business meeting. 
Headquarters for the meeting will be at 
the Hotel Cleveland and the 
events will be held at the Carter Hotel. 
Registration will be at the Hotel Cleve- 
land from 1:00 to 7:00 P.M. on Sunday, 
Dec. 7, and from 9:00 to 5:00 on Mon- 
day through Wednesday, Dec. 8-10. 


some ot 


Panel Discussions 


The program starts on Sunday after- 
noon with a panel discussion of the 
problems of the local sections. Because 
the welfare of the national organization 
depends so much on the strength and 
activities of the local sections, it is im- 
portant that the problems of the local 
sections be given due consideration. 

A second panel discussion on profes- 
sional counseling has been scheduled for 
Monday evening from 7 :30-10 P.M. A 
group of experienced chemical engineers 
will be on hand to talk over ways and 
means of attaining effective professional 
counseling. This program is being ar- 
ranged by the Professional Guidance 
Committee and will be initiated by a talk 
entitled “At the Threshold of an Engi- 
neering Career,” by S. D. Kirkpatrick 
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Awards Banquet 


A highligh of the nontechnical part 
of the program will be the Awards Ban- 
quet on Tuesday evening. There will be 
an outstanding speaker, and the annual 
awards for chemical 
engineering will be presented 


achievement im 


Awards 
Professional Progress Award. hie 
fiith presentation of this award will be 
made at this year’s banquet. Sponsored by 
the Celanese Corporation of America, this 
award is made in recognition of outstand 
ing progress in the field of chemical engi- 
neering leading to the betterment of human 
relations and circumstances. The Awards 
Committee of A.1L-Ch.E. selects the recipient 
who will receive $1000 and a certificate 
Last year’s award winner was C. G. Kirk 
bride, of Houdry Process Corp 


William H. Walker Award. The pur- 
pose of the Walker Award is to stimulate 
interest in improving quality, clarity of 
expression, and practical utility of contri 
butions to the literature of chemical engi 
neering. It has been awarded annually since 
1936. The recipient must be an author or 
coauthor of an outstanding paper published 
by the Institute during the preceding three 
years. The 195] award winner was R. H 
Wilhelm, of Princeton University 


The Junior Member Award. 
in purpose to the Walker 
Junior Member Award is. presented an 
nually to a Junior member of A.LChE 
The award winner in 1951 was C. R. Wilke 
of University of California 


Similar 
Award, the 


Institute Awards—A. McLaren White 
and Student Contest Problem. Three 
prizes have been given annually since 1932 
to the winners in the Annual Student Con 
test for the best solution to a problem it 
chemical engineering. Competition for the 


Chemical Engineering Progress 


prizes is conducted under the direction off 
the Committee on Student Chapters. Lasf 
year's first place winner was K. W. Rauschy 
Jr., of Yale University 


Technical Program 


The three sessions on general paper€ 
in the technical program will cover sev¢ 
eral aspects of unit operations, industrial 
processes, patents and waste disposalj 
In order a comprehensivé 
five symposia 


to provide 
coverage ol certain topics, 
have been scheduled. 


Student Program 


Ten schools having departments of 
easy 
driving distance of Cleveland. The an4 
a good student attendancé 
at the meeting has resulted in the sched- 
uling of a student program running con- 
currently with the technical program. 
Members of the Institute are welcome to 


chemical engineering are within 


ticipation of 


attend these student meetings. 
A. J. Teller 


ranged a program of student papers tor 


Fenn College, has ar- 


Monday and Wednesday morning and 
an informal 
Tuesday 


counseling program for 
number of 


perienced engineers will be present to 


afternoon. A ex- 


discuss problems with the students 


Monday Afternoon 
How to Choose Your Employer. -/. 
Fisher, Sinclair Research Labora- 
tories, Chairman 


Technical Program on page 32 


(Text continued on page 39) 


Page 31 


\ 
£ 
| 
| 
\ 
™ 


TECHNICAL PROGRAM 


Sunday, Dec. 7, 1952 
3:00-5:00 P. M. 
Panel Discussion on Local Sections, 


arranged by C. E. Ford, Local 
Sections Committee. 


Monday, Dec. 8, 1952 
2:00-5:00 P. M. 


(2 simultaneous meetings ) 


General Technical Program 


The Growth of ar Chemical Industry 
in Cleveland.__C. F. Prutton 

Economics of real by the Wulff 
Process. / ‘eater 

Carbon Dioxide Absorption by Hot 
Potassium Carbonate Solutions. 
H. E. Benson 

The Manufacture and Distribution of 
Carbon Dioxide.—//. A. Sommers 

The Historical and Legal Background 
of Patent Rights.—//. /. Arase 

What the Chemical Engineer Should 
Know About Patent Laws of the 
U. S.— P. L. Young 


Symposium—Applied 
Thermodynamics 


Partial Moilal Enthalpies of the 
Lighter Hydrocarbons in Solution 
with Other Hydrocarbons. — .« 
Papadopoulas, K. L. Pigford, and L. 
Friend 

Heats of Mixing of Liquids.-—(. 
Tsao and J. M. Smith 

Thermodynamic Properties of Ter- 
nary Hydrocarbon Mixtures. — 
J. M. Nelson and D. E. Holcomt 

Light Hydrocarbon Vapor-liquid Dis- 
tribution Coefficients. Pressure - 
temperature - composition Charts 
and Pressure -temperature Noma- 
graphs.—C. DePriester 

Convergence Pressures in Hydro- 
carbon Vapor-liquid Equilibria. 
S. T. Hadden 


7:00-10:00 P. M. 


Professional Guidance 
Committee 


News Section 


Tuesday, Dec. 9, 1952 
9:30 A. M.-12:00 M. 


(2 simultaneous meetings) 


See page 31, 


Symposium—Modern Statistical 
Methods in Chemical 
Engineering 
Experiments With Many Factors. 

K. A. Brownless 


Making One Observation Do the 
J 


Work of Two.—!!' 


Statistics 
Engineers.— //. 


uden 


Training for Chemical 
M. Smallwood 


Symposium—High Pressure 


Operating Problems in Ammonia 
Synthesis.—4. I’. Slack, H. Y. All- 
goo nd, and H. E. Maune 

Bench Scale Equipment for Reactions 
at High Pressure— 4. M. Whit- 
house, P. L. Golden, R. W. Hiteshue, 
and E. L. Clark 

Telemeric Reactions of Ethylene and 
Alcohols. X. Gilliland and R. J. 
Kallal 


2:00-5:00 P. M. 


(3 simultaneous meetings) 


Statistical Methods 


An Industrial Experiment Designed 
to Evaluate Several Sets of Con- 
stants and Several Sources of Vari- 
ability.—C. Daniel and W. Vaurio 

The General Theory of Experiments 
Designed to Evaluate Several Sets 
of Constants and Several Sources 
of Variability —//. Scheffe 

Some Examples of the Use of Sta- 
tistics in Heavy Chemicals Manu- 
facture... P. Foster 


High Pressure 


The Use of Radioactive Tracers for 
Contir'uous Analysis Under High 
Pressure.— HH. G. Drickamer, K. D. 
Timmerhaus, and L. H, Tung 

in Gaseous Mixtures.— 

. O. Bennett 

me Thermal Conductivity of 
Under High Pressures... Le- 
noir, W. A. Junk, and Comings 

The Thermal Conductivity of Nitro- 
gen Ethylene and Carbon Dioxide 
Ethylene Mixtures Under High 
Pressures. |". 4. Junk and FE. W. 
Comings 


General Papers 


Prediction of Radical Heat-transfer 
Rates in Packed Beds Through 
Which Gases Are Flowing. — 
W. B. Argo and J. M. Smith 

Effect of Pressure on Evaporation 
Rate of Drops in Gas Streams.— 
R. D. Ingebo 

Flow Through Irrigated Dumped 
Packings—Pressure Drop, Loading, 
Flooding.— Leva 

Mass Transfer Between Immiscible 
Liquids in Continuous Flow In An 
Agitated Chamber. 1. Aarr 
and E. G. Scheibel 

Process Design and Specification of 
Pumping Equipment.— Jacks 


6:30 P. M. 
Awards Banquet 


Wednesday, Dec. 10, 1952 
9:00 A. M.-12:00 M. 


(2 simultaneous meetings) 


Symposium—Human Relations 

The Engineer’s Stake and Status in 
Human Relations.—X. 1. Dem- 
merle 


Why Does He Succceed or Fail With 
People?—#. S. Schultz 


How to Build Working Harmony 
Among People.—/’au! Pigors 


Effective Language—The Catalyst of 
Human Relations.— Swain 


Luncheon Address 


Taking a New Look at the Engineer's 
H. Kirkpatrick 


Symposium—Filtration 


The Concept of Filtration Resistance 
of Compressible Materials.— / 
Jngmanson 


The Role 4 Porosity in Filtration: 
Part I.—F. M. Tiller 


Resistance and Compressibility of 
Filter Cakes.—/}/. P. Grace 


The Prediction of Filtration Oper- 
ations: Part I, Conclusions for 
Some Permeability Tests.—C. ©. 
Lindquist and J. J. Youle 


2:00-5:00 P. M. 


(2 simultaneous meetings ) 
General Papers 


Performance Characteristics of a 
Liquid-liquid Spray Tower: I, 
Column-operation Studies; II, 
Area and Volumetric Heat-transfer 
Coefficients.—L. Garwin and B. D 
Smith 


Liquid-film Thickness and Velocity 
for Centrifugal Spray Nozzle.- 
M. Doumas and R. Laster 


Countercurrent Ion a a with 

Components... K. Hiester, 

F. Fields, R. C. Phillips, and S.B 
Redding 


Performance Characteristics of a 
Podbielniak Centrifugal Extractor. 
—N. Barson and G. H. Beyer 


Symposium—Filtration 


Mechanism of Washing of Filter 
Cakes. F. Ruth 


An Improved Method for the Acid 
Decomposition of Certain Silicates. 
—W. J. Huff and E. A. Gee 


Preparation and Treatment of Slur- 
ries for Filtration.—(. |! olbach 


Filtration of Hydroxide 
with Filter Aid.—C. /). Luke 


Sluicing Pressure Leaf Filters. 
—E,. A. Ulrich 


Replaceable Micronic Filters, A New 
Tool for the Chemical Engineer. 
Kane 


Liquid-flow Rates and Electrokinetic 
Effects in Graded Beds.—(. J. Do- 


brats 
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and industrial gases 


weather-worries and operating costs 


with the.. 


More than 50 users of Wiggins Gasholders can now testify to the 
remarkable savings in operating costs and maintenance expense 
which only this 100% dry seal gasholder (no water, no tar, no grease) 
gives them. Write for full information. 


EASY — OFTEN 
ADDS CAPACITY 


Your old gasholder 
can be quickly con- 
verted to a Wiggins 
type with all the 
Wiggins advan- 
tages. 


PISTON RISES NEARLY TO TOP—MINIMUM OF WASTE SPACE 138 ~ 90, 

CAN BE BUILT ANY SIZE * NO CONTAMINATION OF GAS OFFICES IN PRINCIPAL CITIES 
Expert Dept. 10 East 49th Street, New York 17, New York 
Plants: Birmingham, Ala. * East Chicago, ind. * Shoron, Pa. 
Caseda Toronto iron Works, Lid, Toronto, Onterio 


users of chemical process | 

4 

— 
by GENERAL AMERICAN 
ae = 

4 > 4 BY WEATHER CONVERSION 

GENERAL AMERICAN 


Reviews of Engineering Achievements 
Mark Chicago Meeting 


Get-acquainted party in the Grand Ballroom of Palmer House. 


ENTENNIAL celebrations brought 

out engineers in full strength in 
Chicago last month, when more than 
sixty engineering organizations helped 
the American Society of Civil Engineers 
celebrate its one-hundredth anniversary. 
Phe A.L.Ch.E., catching the spirit of the 
turned out in record num- 
bers and for this type of meeting, hung 
up a record of attendance. The attend- 
ince record was 1221, the previous high 
of 912 having been held by the Cleveland 


celebration, 


Right: Hard-working committee heads; stand- 
ing (I. to r.) Tom Matthews, Pure Oil Co., Exec. 
Comm.; George Bailie, Wurster & Sanger, Inc., 
Swift & Co., 
Exec. Comm. and chairman of Chicago Section, 


AACh.E.; C. F. Gerald, Universal Oil Products, 


Exec. Comm.; E. N. Mortenson, 


Press Room; H. H. Newman, Swenson Evaporator 
Co., Exec. Comm. 


Seated (I. 
Oil Co. 


to r.) 
(ind.), 


Standard 


Registration Comm.; 


R. S. McDaniel, 
chairman 
D. A. Smith, Swenson Evaporator Co., chairman, 
Exec. Comm.; and D. A. Dohlistrom, North- 
western Technological Institute, chairman, Tech- 


nical Program Comm. 


meeting of May, 1948. Though the 
Centennial had many programs sched- 
uled at the same time, the chemical engi- 
neers stayed close to the headquarters 
hotel, the Palmer House, and each tech- 
nical meeting was well attended. 

The plan of the Chicago meeting was 
strictly informal, with no luncheons or 
banquets scheduled. Free time was em- 
phasized, and the only after-hours event 
was a Yankee-White Sox baseball game. 

The for the 


contest best-presented 


Irving Leibson 


paper was difficult to judge since many 
fine presentations were given and the 
judges were carried right down to the 
final paper, deciding that Irving Leibson 
of the Humble Oil & Refining Co. was 
adjudged to have given the best platform 
demonstration. Dr. Leibson was 
author with Robert B. Beckmann, of 
Carnegie Institute of Technology, on 
“The Effect of Packing Size and Column 
Diameter on Mass Transfer in Liquid- 


co- 


(Continued on page 36) 


Left: Symposium on mixed bed ion exchange; 
(I. to +.) S. F. Alling, Hungerford & Terry; M. E. 
Gilwood, The Permutit Co.; J. F. Wantz, Illinois 
Water Treatment Co.; R. F. Schulze, Culligan 
Zeolite Co.; D. R. Babb, Elgin Softener Co.; 
J. Thompson, Rohm & Haas Co., ot the micro- 


phone. 
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E. W. Lewis 


W. C. Edmister 


N. Gilliott 


G. Thodos 


1. M. Le Boron 


R. E. Zinn 
H. F. Johnstone 
H. Dohiberg, Jr. 


E. G. Scheibel 


E. J. Landis 


P. D. V. Manning 


T. W. Maotchette 


T. Vermeulen 


Dependable 
Weatherproof 
Power Drive 


For continuous 24 hour outdoor 
service, the Dorr Co. selects Ster- 
ling totally-enclosed, non-venti- 
lated Slo-Speed Electric Power 
Drives. The Slo-Speeds installed 
on the Dorr Sifeed Clarifier 
Units at Lederle Laboratories, 
American Cyanamid Co., in New 
York, are giving highly satisfac- 
tory service under all weather 
conditions, states Mr. A. J. Lan- 
telme of the Dorr Co., Stamford, 
Conn. 


STERLING SLO-SPEED 


OUTSTANDING FEATURES: 


Simplified gear system — balanced 
design — compact — rugged — highly 
efficient — abundant lubrication — low 
output shaft — positive oil seals — 
Herringbone Rotor — protected — 
streamlined — direct through ventila- 
tion — quiet operation —AGMA speeds 
—extremely long life —every unit will 
operate in any position. 


how Sterling Electric Power | 
Drives reduce production costs. 
| Write for Bulletin No. C-120. 


TERLING 


ELECTRIC MOTORS 


Plants: New York City 51; Van Wert, Ohio; 
Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and distributors in all principal cities 
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High quality, sharp filtration has 
always been one of the prime fea- 
tures of Sparkler Filters. Many times 
Sparkler Filters have been chosen 
by experienced filtration engineers 
for this one point of superiority. 


Here’s why 


... any kind of filter paper, 
cloth, or screens, and any 
filter media can be used to 
obtain maximum efficiency. 

.. no breakage of the fil- 
tering surface even with 
intermittent operation as 
pressure is not required to 
hold cake in position on 
the horizontal plates. 

. flow is always with 
gravity, down through the 
cake in a natural direction. 
The cake will not break, 
crack or slip because it is 
supported in a horizontal 
position and is not sub- 
ject to tensile or distortive 
strain. 

When you are looking 
for fine quality filtering, 
Sparkler Filters will do 
the job. 

For personal engineer- 
ing service write Mr. Eric 
Anderson. 


Sparkler 
representatives 
in all principal 


JAD JIS) 


Westers Hemisphere Corp 
Moandeleia, Hil, U.S.A 
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CHICAGO MEETING 
(Continued from page 34) 


Liquid Extraction.” 

Plant tours, always a feature of Insti- 
tute meetings, came off as scheduled, 
with inspection of the following: Abbott 
Laboratories, International Harvester 
Co., Swift & Co., Central Scientific Co., 
S. C. Johnson & Sons, Standard Oil Co., 
Corn Products Refining Co., G. D. 
Searle & Co., Universal Atlas Cement 
Co., Western Electric Co., The Glidden 
Co., Sears Roebuck & Co., Sherwin- 
Williams Co., Sinclair Research Labor- 
atories, and Armour and Company, 
chemical division. 


Technical Papers 


In cooperation with the Centennial of 
Engineering, the Chicago program be- 
gan with an all-day review of progress 
in recent chemical engineering develop- 
ments. Called “The Chicago Sympos- 
ium,” it illustrated the contributions of 
the Chicago area to chemical engineer- 
ing. The symposium, under the co- 
chairmanship of Paul D. V. Manning. 
vice-president of International Minerals 
& Chemical Corp.. and Dr. Harry Mc- 
Cormack, editor of Putman Publishing 
Co., featured talks on “Chemical Engi- 
neers in the Packing Industry,” by Vic- 
tor Conquest, vice-president of Armour 
and Co.; “The Fluidized Solids Tech- 
nique in the Petroleum Industry,” by 
R. C. Gunness, assistant general man- 
ager of manufacturing, Standard Oil Co. 
(Indiana); “Industrial Carbon,” by 
Bernard W. Gamson, director, research 
and development, Great Lakes Carbon 
Co. A talk was given on “Mixing— 
Present Theory and Practice,” by J. 
Henry Rushton, director, department of 
chemical engineering, Illinois Institute 
of Technology, and I. Milton LeBaron, 
director of laboratories, research divi- 
sion, International Minerals & Chem- 
ical Corp., talked on “Particle Sizing 
with Special Reference to Phosphate 
Concentration Operations”; C. S. Velz. 
chairman, department of public health 
statistics, University of Michigan, dis- 
cussed “Stream Self-Purification” ; 
Prof. R. E. Zinn, department of chem- 
ical engineering, Northwestern Univer- 
sity, gave a paper on “Applications of 
Low-Temperature Carbonization™ ; talks 
given on “The Art of Material 
Handling Equipment,” by E. A. Wen- 
dell, sales manager, Caldwell plant, Link 
Belt Co., Chicago, Ill., and “Recovery of 
Sulfur Dioxide from Waste Gases,” by 
Prof. H. F. Johnstone, chairman, de 
partment of chemical engineering, Uni- 
versity of Illinois. The afternoon 
symposium had as cochairmen, W. E. 
Brinker, assistant chief engineer, Corn 
Products Refining Co., and Prof. L. F. 


were 
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Stutzman, chairman, department of 
chemical engineering, Northwestern 
University. 

An outstanding symposium on “The 
Distribution of Chemicals” was on the 
program under the cochairmanship of 
Henry Dahlberg, Jr., supervisor of tech- 
nical economics of the International 
Minerals & Chemical Corp., and R. M. 
Lawrence of the general development 
department, Monsanto Chemical Co. 
This symposium, part of the Institute’s 
general plan to emphasize also non- 
mathematical problems in the chemical 
field which affect chemical engineers, 
covered transportation, packaging, and 
the selling of chemicals. Speakers were 
E. J. Landis, International Minerals & 
Chemical Corp.; Don Ballman, general 
sales manager, Dow Chemical Co.; Neill 
Gilliatt, account executive, McCann 
Erickson, Inc.; and Hoyt Corley, man- 
ager, new products department, Armour 
and Co. 

Several agreeable compliments were 
paid the chemical engineer by Victor 
Conquest in his talk in the opening sym- 
posium on “Chemical Engineers in the 
Packing Industry.” Said Dr. Conquest, 
i some of the operations of the 
meat packing industry, particularly the 
handling of by-products, take on the 
complexion of a chemical business. This 
type of operation is tailor-made for the 
chemical engineer. . . . For example, 
waste recovery and disposal, drying 
processes, high vacuum work, contact 
evaporators, and spray driers are but 
a few of the topic areas in which chem- 
ical engineers have been almost indis- 
pensable. In the course of making these 
developments some very useful inven- 
tions have been made.” 

“Further,” he added, “one of the hard- 
est jobs of our chemical engineers is to 
convince equipment builders that certain 
specifications are absolutely necessary. 
One instance that | remember had to do 
with an all-stainless unit that had to be 
stainless for the protection of the mater- 
ial being handled. When the unit was 
ready to run, it was equipped with brass 
valves, and the builder was annoyed at 
being made to change them.” Mr. Con- 
quest further gave credit to chemical 
engineers for the design of the original 
equipment to distill fractionally fatty 
acids. The final demonstration of the 
worth of the idea came. he revealed, 
when the chemical engineer built a small 
unit by himself. 

Some of the difficulty of adapting the 
art of handling materials to the chemical 
field was brought out in a talk by E. A. 
Wendell, of the Link Belt Co. “The 
chemical industry poses problems that 
tax the resourcefulness and ingenuity of 
materials handling engineers to a 
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SPARKLER 
FILTERS 


Cross-section of ind.vidval 
plote, showing perforated metal 
screen, filter media, and filter coke 


High flow rates cannot be assured by large filtering 
surfaces alone. Another important factor is provision 
for drain-off space capable of carrying away all liquid 
that the surfaces can handle. 


In Sparkler filters, the Free Drainage design of 
Sparkler horizontal plates eliminates one of the primary 
causes of liquid flow frictions — providing a clear, un- 
obstructed channel through which filtered liquid can 
drain rapidly and more completely. To accomplish this, 
Sparkier uses a series of smooth, widely spaced buttons 
as the means of supporting the filtering surface, thereby 
ending the need for heavy wire mesh or other types of 
media support that have high coefficients of friction. 


Features such as these, hidden from the eye, are 
typical of standard Sparkler construction, and are 
responsible for Sparkler superiority. Coupled with 
highest quality, operational economy, and simplified 
maintenance, free drainage makes Sparkler filters ideal 
for every filtering need and makes them particularly 
well adapted to the filtration of viscous liquids. 


Available in a complete range of sizes 


materials. 
iy Write for your copy of ovr new catalog. 


Mundelein, Illinois 
Sparkler Ltd Spartier Western Hemapbere Corp 
Prinsingracht 676, Amsterdam, Helland U.S.A. 
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greater extent than almost any other 


industry. Many of its processes are rela- 

tively new and some are bewilderingly 

complex and the success of the materials 


handling system depends upon a thor- 
ough knowledge of the materials to be 
eee and Positive handled. In the chemical industry,” he 
continued, “these characteristics differ 
control of widely.” He indicated that sometimes 
they defy comparison with other mater- 
ials for which the materials handling art 


INTAKE STROKE pumping volume has been developed. Adequate study and 


observation may not be possible because 


of secrecy, or, “. . . because sufficient 
quantities are not available during the 
design stages. This sometimes makes it 
necessary for the materials handling 
engineer to approach such problems vir- 
tually blindfolded.” 

A description of the application of the 
technique of fluidization to the produc- 
tion of SO, for use in the sulfite pulping 
process of the pulp and paper industry, 
was given by R. B. Thompson, assistant 
DISCHARGE STROKE manager of The Dorr Co. Essentially, 
is the paper described the use of the fluid- 

ized technique to utilize pyrite and pyr- 

rhotite for the SO, supply. The tech- 
nique, according to Thompson, enables 

the use of these materials to produce a 
| gas of about 90% of the theoretical 


| maximum obtainable from these mater- 
| ials. In the case of pyrite a theoretical 
maximum gas is 164% SOs, while 
pyrrhotite would give a theoretical yield 
of 14.4% gas. By using a fine water 
spray into the heart of the reactor, it 1s 
possible, Mr. Thompson said, to prevent 
the sintering of the raw materials into 


| solid iron oxide. The reaction takes 
place at 1650° F. which, if uncontrolled, 
would sinter the fine particles into larger 
particles, thus destroying the fluidization 
advantages. The unit, according to 
Thompson, enables an important source 


of sulfur to be tapped for the produc- 
tion of SO, gas, without putting a drain 
on our reserves of elemental sulfur. It 


Reciprocating piston action provides positive displacement. But piston was further revealed that within a short 


pumps only a hydraulic medium. Diaphragm does no mechanical 
work—acts only as floating, balanced partition, isolates chemical : 
being pumped from working pump parts—eliminates need for stuff- using this type of equipment to supply 
ing box or running seal. Pumping speed constant—volume variation major portions of their SO, needs 
results from variation in piston-stroke length. In Auto-Pneumatic In a report of an extensive and con- 
models, pumping rate precisely controlled by instrument air pressure tinuing study on spray-drying materials, 
responding to any instrument-measurable processing variable. The J. A. Duffie of the Office of Naval Re- 
Lapp Pulsafeeder is successfully handling almost all highly corrosive search, and W. R. Marshall, Jr., of the 
and “hard-to-handle’ chemicals, against pressures up to 2,000 Ibs. University of Wisconsin, reported on 
the factors they had uncovered in spray- 


WRITE FOR NEW BULLETIN | drying experiments. They reported in 


SR, just 94 pages of deception, typlest conclusion that the bulk density of spray- 

opplications, flow charts. Inquiry Dato Sheet included from which dried materials decreased with an in- 
we con make specific engineering recommendation for your proc- crease in drying air temperature, 
essing requirement. Write Lapp Insulator Co., Inc., Process Equip- 
ment Division, 540 Maple Street, Le Roy, N. Y. 


period, eight different paper mills and 
four sulfuric acid manufacturers will be 


ascribed to an increased tendency of the 
particles to expand on drying and to 
| earlier formation of vapor-impervious 
films on the drop suriace. 
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CLEVELAND MEETING 
(Continued from page 31) 


2:00 What Students Look For In An 
Employer—John Schlueter, direc- 
tor of placement bureau, Michigan 
State College 

2:30 Advantages of Working in a Big 
Corporation—Bruce /. Miller, per- 
sonnel administrator, Linde Air 
Products Co. 

3:00 Advantages of Working in a Small 
Company—/.. 4. Hatch, vice-pres- 
ident research and product develop- 
ment, Minnesota Mining and Manu- 
facturing Co. 

3:30 The Evaluation of Technical Enter- 
prises—K. G. Woodbridge, III, 
senior industrial specialist, New 
York Life Insurance Co. 

4:00 Market Situation for Chemical En- 
gineers—/iwan D. Clague, Com- 
missioner of Labor Statistics, U. S 
Department of Labor 

4:30 Discussion of all papers 


Standing left to right: J. F. Revilock, 
Finance Committee, and E. R. Young, 
Publicity. 

Seated left to right: C. O. Miller, Gen- 
eral Chairman, and C. J. Dorer, Com- 
mittee Secretary. 


Tuesday Morning 


Unusual Employment Opportunities for 
Chemical Engineers 

9:00 Introductory remarks—IV. E. Gift, 
Tennessee Eastman Co., Chairman 

9:15 It’s Your Move—H. G. Donnelly, 
chairman, AJI.Ch.E. Professional 
Guidance Committee 

9:45 The Chemical Engineer in Safety 
Engineering— Mathew M. Braid- 
ech, director of research, National 
Board of Fire Underwriters, New 
York 

10:15 The Chemical Engineer in Pur- 
chasing — David S. Fianders, 
manager, purchasing division 
chemicals and pigments depart- 
ment, B. F. Goodrich Co. 

10:45 The Chemical Engineer in Patent 

C. Asbury, Chairman 

of AlI.Ch.E. Patent Committee, 
Vice-President Standard Oil De- 
velopment Co 

11:15 Question period, round-table discus- 
sions 


Vol. 48, No. 10 


Plant Trips 


Selected to permit visitors to view a 
good cross section of the chemical in- 
dustry in the Cleveland area, the fol- 
lowing list of interesting or unusual 
plant trips has been scheduled for this 
meeting. All trips are scheduled in the 
afternoon in order to minimize conflicts 
with the technical meeting. Only citi- 
zens of the U.S.A. may visit the Lewis 
Flight Propulsion Laboratory of Na- 
tional Advisory Committee for Aero- 
nautics, and these persons must submit 
their requests by November 25 in order 
to permit security clearance to be made. 
Preregistration for these plant trips may 
be done on the cards accompanying the 
printed program. 

Monday, Dec. 8: 

Glascote Products, Inc 
Glidden Co. 
Goodrich Research Center 
Harshaw Chemical Co 
Lewis Flight Propulsion Laboratory, 
NACA. 
Tuesday, Dec. 9 

Glascote Products, Inc 

Goodrich Research Center 

Industrial Kayon Corp 


Lewis Flight Propulsion Laboratory, 
NACA 
Standard Oil Company of Ohio 


Ladies’ Program 


The ladies who are registered for the 
meeting are invited to attend the social 
hour on Sunday evening and the Awards 
Banquet on Tuesday. In addition, a 
special program has been arranged for 
them by Mrs. C. E. Ford and Mrs. W. 
I. Burt, cochairmen. 

Beginning with a coffee hour at 
10:00 A.M. on Monday, the ladies will 
then attend a luncheon with Dorothy 
Fuldheim, television commentator, as the 
guest speaker. 

On Tuesday morning, the group will 
visit the Cleveland Health Museum, 
first in America. Special attractions at 
this unusual museum will include a 15- 
min. demonstration by “Juno,” the fa- 
mous talking transparent woman. In the 
“Wonder of New Life” room is the re- 
nowned Dickinson collection of life-size, 
sculptured birth models. Many three- 
dimensional exhibits showing the means 
and advantages of maintaining good 
health will be seen. Among these are: 
“The 1950 Census on a_ 10-Finger 
Basis,” a dramatic pictorial presenta- 
tion; “Rewards of Alertness,” an ex- 
hibit on cancer; and the special exhibit 
for December, “Testing the Drinking 
Driver,” on loan from the American 
Medical Association. 

A luncheon and tour of the Lighting 
Institute at the world famous Nela Park 
are scheduled for Tuesday. Both 


engineers and housewives will be 


interested in this trip which will demon- 
strate the newest developments in light 
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ing. Specific exhibits include the hori- 
zon house, store, sun deck, office-school 
center, and the kitchen. The institute is 
open to the public on Tuesday evening 
which will give some men a chance to 
see the exhibits. 


Entertainment 


The lighter side of the meeting starts 
with a party on Sunday night in the 
Ballroom and Redroom of the Hotel 
Cleveland. Here is an opportunity to see 
old friends and meet new ones while en- 
joying refreshments and light entertain- 
ment. Tickets will be issued during 
registration. 

Because of a full technical program, 
Monday night has been left open except 
for the panel discussion on professional 
counseling. A list of theatre productions 
and other events in Cleveland will be 
available at the information desk to 


Left to right: A. J. Teller, Chairman, Stu- 
dent Program Committee, R. L. Savage, 
Chairman, Technical Program Committee. 


serve as a guide for the evening's activ- 
ities. Cleveland stores. are open until 
9:30 P.M. on Monday nights so that 
some early Christmas shopping will be 
possible or you can obtain a “peace 
offering” without interrupting your at 
tendance at the regular program. 


HOW IS YOUR LOCAL 
SECTION DOING? 


Having problems in keeping up 
attendance? Arranging programs? 
Getting speakers? Getting pub- 
licity? Collecting dues? 


Discussions of these and other 
mutual problems will be the pur- 
pose of the panel discussion that 
has been arranged by C. E. Ford, 
chairman, Local Sections Com- 
mittee. Plan to attend this meeting 
Sunday, Dec. 7, from 2-5 P. M. 
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The First Hundred Years 


As stated on the editorial page, “C.E.P.” has lifted from some of the 
many papers given at the recent Engineering Centennial, paragraphs 
expressing engineering accomplishments, hopes, and ideals. Though 
the Engineering Centennial is now history, “C.E.P.” hopes to keep alive 
the spirit of that celebration here and in ensuing months. 


The Stamp of Education 


Most of the 
criticism that has been directed at the 
colleges in the past is due to the lack of 
the so-called humanities. The 
have picked up this challenge and there 
is considerable improvement in the 
teaching of the subject. It is understood 
that the schools cannot begin to cover 
the material in four years and we, in 
industry, must continue this educational 
process. 


schools 


There are many subjecis, for which 
the engineer is not ready during his for- 
mative years . that he can take 
with appreciation only after he has had 
considerable experience and after he has 
matured, It is most important then that 
industry continue to work toward taking 
more and more responsibility in the de 
We, in 


industry, cannot expect our present edu- 


velopment of manpower 


cational system to turn over to us highly 
qualified engineers who have a thorough 
understanding of 


our own particular 


business, who have a basic understand 
ng of the place of American industry 
in the future of 


diplomats, who can assume responsibil 


America, who are 
ity for complicated labor relations and 
traits 
all this in a package that 
is only 21 years old 


who have many other necessary 


for leadership 


Education in Industry 
Maynard M. Boring 


3 Good books were being printed and 


widely disseminated. The minds of men 
were as great as they have been in any 
age—and once thev were free to think, 
they thought great ghts that 
brought some of the greatest advances 


in all time 


thou 


Before the eighteenth century, train 
ing for engineering was by apprentice 
ship 
and apprentices together there is 
ter method; but it is not 
handle large numbers of students 
Schools for out 
need for more well-trained men tl the 


If you can get the right masters 
no bet 
geared to 
engineers grew ot the 
apprentice system could provide. It was 
the French who led in the development 


Page 40 


an art-science in 
schools of higher learning, and other 
Europeans and Americans soon followed 


their lead. 


of engineering as 


History of Engineering Education 

Frederic T. Mavis 

$ As an educational center the engineer- 
ing college is a 


circuit 


component in a flow 
Knowledge outward 
through the undergraduate student, the 
graduate student, faculty consultation, 
faculty texts, and technical publications. 
The channels the news- 
paper, house organ, radio, and television 
not exploited 
However. the generation 
the engineer will utilize 
more effectively these media of com 
munication. 

But the return flow path from indus 


flows 


consisting ol 


been 
within 
professional 


have adequately 


next 


try and from the field to the engineering 
school not 

conscious eftort. 
house 


established as a 
Catalogs, advertise 

organs, sectioned and 
working models, often available to the 
iaculty and student, serve as a partial 
return path. 


has been 


ments, 


Looking Ahead in Engineering Education 
L. M. K. Boelter 


The Engineering Environment 
The 


engineering profession, ably supported 
by licensing requirements, reserves for 
itself those levels of professional activity 
which require the peculiar type of train- 
ing that the engineer receives in college. 
While the engineer secks to multiply his 


capacities for handling the highest lev els 


of professional competence he must be 
aware that he can increase his own pro- 
ductivity by assigning responsibilities 
for many technical assignments to those 
with less training than a full engineer- 
ing curriculum. It is the responsibility 
of the engineer therefore to guide and 
direct the subprofessional type of train- 
ing and the subprofessional technician 
in order that the engineer may be in- 
creasingly useful in his professional 
capacity. 
The Technical Institute—Its Relation to Engineering 
Education and Trade Training 
C. W. Beese 
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$3 lt ever | wanted to be a cheer leader, 


it has been this week while reading what 
so many specialists, engineers, and other 
eminent men have been saying here in 
Chicago. These top authorities are not 
scared of the future. They are eager to 
prove what science and industry can do 
to benefit mankind. They have the vis- 
ion, and the faith, as their predecessors 
did, to go on bettering the conditions 
and things and methods of yesterday. 
Man Must Have Food 
Clarence Francis 


3 When we say a man thinks in English 
or in German or in mathematics, we 
mean exactly that. Language is a tool 
for thinking as well as for expression, 
and the engineer uses at least three 
languages for these purposes: English 
or his native tongue, mathematics to an 
degree. 
presentation or drawing. 
Contemporary D ds on Chemical 
Engineering Undergraduate Curricula 

Geo. Granger Brown 


ever-increasing and graphical 


What Manner of Men 


Success comes 
to the engineer who practices being a 
student throughout his life span. Am- 
bition urges him to continue with seli- 
education by affiliation with his profes- 
participa 
tion in community affairs and through 


sional engineering societies, 
technical reading. 

Education—Engineer s Lifetime Job 

Raiph L. Goetzenberger 


3 The ability to take the responsibility 
for a solution based on incomplete data 
and thereby create a new process or a 
new design is the outstanding character- 
istic of the engineer. 

Geo. Granger Brown 


Engineering—Its Definition 


Engineer 
ing in its broadest terms is the art of 
directing the great sources of power in 
Nature for the use 
man 


and conventence otf 


Whether Cain was the first woman- 
born civilized man is not important; but 
the legend that he constructed the first 
engineering works of civilized man by 
building a city is interesting 

Frederic T. Mavis 


(More Excerpts on page 48 
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For more complete infor- 
mation about economical 
feedwater treatment with 
AMBERLITE 18-120, write 
Dept. P-2. For bi-monthly 
reports on new developments 
in ion exchange, ask to 
receive AMBER-Hi-LITES. 
No obligation. 


HOT LIME—AMBERLITE IR-120... 


An Economical Method for Treating Boiler Feedwater 


The use of Ampertite IR-120 cation exchange resin following the 
hot lime process eliminates the need for soda ash and sharply 
reduces phosphate requirements in the treatment of boiler feed- 
water. Results: 


. Lower cests—The cost of salt regenerant for AMBERLITE 
IR-120 is very much lower than the cost of soda ash and phosphate. 


2. High quality feedwater— High capacity Ampertire IR-120 yields 


3 
4 


water of virtually zero hardness regardless of fluctuations in 
influent water composition. The resin permits use of excess lime, 
which results in steam having lower carbon dioxide. 

Long trouble-free IR-120 is stable toward heat, 
alkali, and acid. 

Simplification — Smaller space is required for IR-120 
exchanger units than for second stage phosphate settling tanks. 
Only one chemical—lime— is used in the hot process. 


ROHM HAAS COMPANY 


THE RESINOUS Btivision 
Washington Square, Philadelphia 5, Pa. 


Representatives in prone tpal foreign countries 


AMBERLITE is a trademark, Reg. U.S. Pat. Off. and in principal foreign countries, 
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Valve controling oil levelea 
 Seporever installation 


ontrol Valves are serving... 
Refineries, Chemical Process 
ladustries and pe Lines 


HAMMEL- DAHL COMPANY 
POST ROAD, (WARWICK) PROVIDENCE 5, R. 

Albany Boston | Chicago Cincinnati Cleveland Denver Detroit Houston 
Kansas City 


Los Angeles. New Orleans New York Pittsburgh Salt Lake City 
San Francisco Seattle Id, Mass. ‘St. Louis “Syracuse “Toledo Tulsa Wilmington, Del. « 
MANUFACTURED AND be Y: Conada — The Guelph” Engineering. Co, Guelph, Ontorie 


_ England — J. Blakeborough & Sons, Ltd, Brighouse, Yorks. ® France — Premofrance, Paris 
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DATA SERVICE 


BULLETINS 


] @ ENGINEERING HANDBOOK. Foi 
design engineers, from Plastic and 
Rubber Products Co. a loose-leaf en- 
gineering handbook. Covers data on 
Parco O-Rings. 


2 @ PROCESS EQUIPMENT. Precision- 
fabricated equipment for chemical 
processing industries, such as heat 
exchangers, process piping, fittings, 
refractories, etc., described in a new 
bulletin from the M. W. Kellogg Co. 


3 @ POMONA PUMP. A new Pomona 
“Little Chief” pump, applicable to 
lifts from 10 to 250 ft., capacities 300 
to 9000 gal. /hr. and constructed for 
wells as small as 4 in. in diam. By 
Fairbanks, Morse & Co. Bulletin de 
scribes in detail construction, appli 
cations, etc. 


4 @ WET PIT PUMPS. | wo similar but 
functionally different wet pit pumps 
are described by Yeomans Brothers 
Co. in new bulletin. Gives construc- 
tion features, control apparatus, se- 
lectivity charts, installations, etc. 
\lso introduces Lubri-Vac, a new 
system providing continuous lubri- 
cation of pump bearings. 


5 @e CONTROL VALVE DESIGN. New 
Fechniques in Control Valve Design 
is title of 16-page technical bulletin 
from Conoflow Corp. Gives cutaway 
construction views, discusses present 
and future design, advantages, etc. 


6 e@ FLEXIBLE METAL HOSE. A new 
catalog covering complete range of 
products by Flexonics Corp. Includes 
corrugated flexible metal hose, con- 
voluted-hose types, and stainless flex- 
ible metal hose. Detailed informa- 
tion Gn sizes, types and installations. 


7 INDUSTRIAL INSULATIONS. Balc- 
win-Hill Co. in a new 20-page illus- 
trated catalog describes insulating 
materials covering a range of —150 

F. to 1800° F. Pipe covering, insulat- 
ing cement, block, felt, etc., shown 
with thermal-conductivity graphs and 


Mail card for more datap 


heat-loss charts. Applications de- 
scribed. 


8 ELECTRODEPOSITION. Salvaging 
worn or overmachined parts by plat- 
ing to build up surface reviewed in 
detail, by International Nickel Co., 
Inc. Technical factors discussed. 
Also advantages of nickel plating 
contrasted with heavy chromium 


plating. 
9 @ UNDERCOATING. A new indus- 


trial undercoating is announced by 
Minnesota Mining & Mig. Co. Coat 
ing is a tough, sprayable, black 
asphalt material for use in corrosion 
control, weather protection, sound 
deadening. Adheres to most materi- 
als, corrosion resistant, dries rapidly. 


10 @ CASTING RESINS. A new line of 
casting resins and potting com 
pounds for civilian and military use 
in embedment of circuits and for he 

metic-sealing protection against mois 
ture, etc. Low shrinkage, good ad. 
herence to metal leads, etc. Negli 

gible corrosive effects. Carl H. Biggs 
Co. 


11 @ LUBRICANT. Where heat and 
friction problems are present Colgra 
Superfilm, a 100% pure oil additive 
is friction and heat-reducing. Con- 
tains no chemicals, graphite or other 
ingredients. Film strength ranges 
from 12,000 to 15,000 Ib, Clover Co. 


12 @ INDUSTRIAL CHEMICALS. Com- 
mercial Solvents Corp.'s new bulle- 
tin lists its line of industrial chemi- 
cals such as alcohols, aminohydroxy 
compounds, nitroparafhns, esters, 
etc. Chemical formulae, molecular 


weight, gravity, etc., given. 


14 @ BRIGHTON KETTLES. For those 
with difficult problems in mixing of 
rubber and paint, Brighton 500-gal. 
steel, steam-jacketed kettles; feature 
double-motion agitators providing 
smoothness and consistency. Brighton 
Copper Works, Inc. 


15 @ ANILINE SALT. 
anamid Co. announces new aniline 
salt for use in printing black. Lists 


complete line giving components and 7 


other details. 


16 e NONAQUEOUS ION EXCHANGE. 
Available from Fisher Scientific Co. 
in laboratory quantities, Amberlite 
IR 112(H) up to 25 tb. Analytical 
grade, specially purified, porous for 
use in treatment of nonaqueous 
fluids, recovery of large cations from 
waste and process solutions, opera 
tion of hydrogen cycle, ete. 


17 e SLY DYNACLONE. A new dust 
filter for continuous processes where 
uniform suction is desired at all dust 
points, announced by W. W. Sly 


Cards valid for only six months after date of issue 
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Mfg. Co. Bulletin contains engineer- 
ing aids, as well as suggestions for 
control of dust problems. Gives also 
specifications, uses, sizes, types, etc. 


18 @ DRYERS. ‘Thirty different 
of Standard Hersey dryers suitable 
for food processing, drying of fish 
products, oil refining, rendering, etc., 
are phetographed and discussed in a 
new bulletin from Standard Steel 
Corp. 


19 @ TURBIDITY RECORDER. Now 
available from Ess Instrument Co. 
a bulletin on the new electric-eye 
turbidity recorder. Measures exact 
light cut off by undissolved particles. 
Bulletin gives operating principle, 
range of application, etc., together 
with technical illustrations. 


20 BOILER TUBE CORROSION. 
Tubular Products Division Babcock 
& Wilcox Co. leaflet on how to avoid 
boiler tube corrosion. Study states 
causes of boiler tube failures, proper 
operating and maintenance proced- 
ures, how to reduce retubing, etc. 


21 e@ POLYPHASE INDUCTION 
MOTORS. Both squirrel-cage and 
wound.rotor induction motors, avail- 
able in open and protected drip- 
proof, splashproof, and other hous- 
ings described and_ illustrated in 
bulletin from The Electric Products 
Co. 


Postage 


Will Be Paid 


22 © SCREW PUMPS. Sier-Bath Gear 
& Pump Co. reply sheet for answers 
to pump problems. 


23 e VARIAC CONTROLS. The full 
line of Variac Motor s' controls 
is illustrated in bulletin from Gen- 
eral Radio Co. 


24 @ BOILER TUBE DATA BOOK. A 
new technical data book available 
from Babcock & Wilcox Co. on elec- 
tric-resistance-welded steel _ boiler 
tubes. Weights, diameters, maxi- 
mum pressures, etc. 


25 @ SHELF STORAGE. For economy 
in shelf-storage space Frick-Galla- 
gher Mfg. Co. explains its Rotabin 
units of various types and sizes in a 
new bulletin. 


26 @ SURFACE ACTIVE AGENTS. Issued 
by E. F. Houghton & Co. new bulle- 
tin on surface-active agents for the 
metal-working industry. 


27 @ PROCESSING AND HEAT TREAT- 
ING EQUIPMENT. The Pressed Steel 
Co.'s catalog covering 
data on 270 types of bubble caps anc 
risers for fractionating towers and 
stills. Illustrations o equipment, 
tubes, welded tubing assemblies, etc. 
Available in complete range of heat 
and corrosion-resistant sheet alloys. 
Tubes in sections to % in., diam- 


Ne 
Postage Stamp 


If Mailed in the 
United States 


REPL 
49, 


CARD 
New 


ak. York, Y. 


Chemical Engineering Progress 
120 East 41st Street 
New York 17, 


New York 


eters to 60 in., temperatures to 
2200° F. 

28 SPECTROPHOTOMETER. Per- 
formance and construction of a new 
double beam recording infrared 
spectrophotometer described in bul- 
letin from Perkin-Elmer Corp. In- 
cludes background sections on infra- 
red spectroscopy and optical null 
principle employed. Descriptions as 
well as performance data and acces- 
sories. 


29 © PIPE-CUTTING PANTOGRAPH. 
New with Vernon Tool Co., Ltd., 
is a catalog-bulletin on its pipe-cut- 
ting Pantograph. Produces straight 
or beveled cut-offs of exact fit, cuts 
any intersection or length pipe, port- 
able, one-man operation. Illustrated. 


30 @ BROWN VALVES. Complete line 
of Brown Valve Division Vernon 
Tool Co., Ltd., swing check valves 
described and illustrated. Data sheet 
gives types, pipe size, weight, etc. 
Also available complete lines of cast 
steel globe, steam dhweetie and angle 
valves. 


31 e@ STANDARDS BULLETIN. New 
standards bulletin on end prepara- 
tion and internal machining for ma- 
chine backing rings for butt welds. 
Supersedes earlier standards. Five 
other standards of interest to design- 
ers, contractors and users of = 
sure piping available also from The 
Pipe Fabrication Institute. 


32 SILICONE NOTEBOOK. Dow 
Corning Corp. notebook on 200 
straight-chain silicone polymers. De- 
foamers and polish ingredients, re- 
lease agents, dielectric, dampi 
medium and paint additives. Ful 
description applications. Chemical 
structure boiling and freezing points, 
volatility, etc. 


33 @ NAGLE PUMPS. Catalog describ- 
ing pumps from Nagle Pumps, Inc. 
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Types for all industrial uses; three 
vertical shaft types; tables give dis- 
charge and weights. For abrasive or 
corrosive applications. 


34 @ VIBRATION METER. Vibration 
meter by Consolidated Engineering 
Corp. Gives direct readings of both 
linear and torsional velocity and dis- 
placement. Portable, five ranges of 
sensitivity. Peak-to-peak vibratory 
displacements. 0.005 in. to 0.5 in. 


35 @ EJECTORS. For vacuum service 
and refrigeration a line of steam 
jet ejectors described in bulletin 
from C. H. Wheeler Mfg. Co. Cut- 
away views, graphs, conversion tables 
and other pertinent data. 


36 @ LINDE-FRAENKL PROCESS. Avail- 
able now to industrial users in the 
U. S., the Linde-Fraenk] oxygen and 
other low-temperature separation 
processes, from Blaw-Knox Co. A 24- 
page booklet gives all pertinent de- 
tails. Includes section on thermo- 
dynamic data on air, oxygen and 
nitrogen. 


37 @ AEROFIN COILS. Acrofin Corp.'s 
bulletin file on standardized heating 
surface, temperature rise tables at 
air velocities above 800 ft./min. 
Amply illustrated, gives condensa- 
tion, performance tables, etc. 


38 @ 39 © STEAM TRAPS AND SELEC- 
TORS. (38) Yarnall-Waring Co. bul- 
letin on steam traps for power plants, 
steam processes, etc. (39) Covers — 
selector giving uses, together wit 
tables on pressures, capacities and 
sizes. 


40 @ ALLOY STEEL CHART. Chart 
shows chemical analysis for 70 Mili- 
tary, Army, Navy, Aeronautical, and 
Federal specifications. Also listed 
are specified forms (sheets, bars, tub- 
ing, etc.). From Peter A. Frasse & 
Co., Inc. 


41 @ MICRO SWITCHES. New catalog 
of snap-action switches from Micro 
diviston Minneapolis-Honeywell 


Regulator Co. Covers heavy-duty 
precision limit switches, explosion- 
proof and splash-proof switches, etc. 
Dimensions, mechanical and electri- 
cal characteristics, electrical capaci- 
ties, etc. 


42 @ PREHEATING OVENS. Portable 
preheating and drying ovens by 
Despatch Oven Co. for the plastics 

Used in compression, transfer 
and injection hg Dries from 
600 to 1000 Ib./day. Automatic con- 
trol. 


43 @ FACING ALLOYS. Wall Colmo- 
noy Corp. detail line of hard-facing 
alloys both nickel and iron base, as 
well as Sprayweld process, of appli- 
cation. Combines metal-spraying 
and welding. Guide for typical 
applications. 


44 AL-CRPAINT. A_ decorative 
aluminum-chromium preservative 
for all exterior and interior sur- 
faces. Rust-proof and noncorrosive. 
The Monroe Co., Inc. 


45 @ FABRICATED FITTINGS. Elbows, 
tees, laterals, manifolds, etc. avail. 
able in carbon steel. Fabricated spe- 
cials in range of 3 to 44 in. diam., 
walls up to 4% in. in carbon, alloy, 
stainless steels, Monel, Inconel, etc. 
Bulletin gives sizes and types. Naylor 
Pipe Co. 


46 @ CONVEYOR. A Flexmount posi- 
tive-action-oscillating conveyor an- 
nounced by Link-Belt Co. Can be 
had in any desired length from sub- 
assemblies, 8 to 18 in. trough widths. 
Guide to correct selection, convey- 
ability chart, dimensions and speci- 
fications. 


47 MOLDED Cups. Cups for pump 
pistons, hydraulic service, and pneu- 
matic equipment, fabricated by The 
Garlock Packing Co. Bulletin covers 
specifications, applications, types. 


48 @ BONERS. A 200 hp. Powermas- 
ter automatic boiler by Orr & Sem- 


bower. Steam at 13,800 Ib./hr. 
Burns light, heavy residual, or com- 
mercially available gas. 


49 @ ALLOY CASTINGS. Heat- and 
corrosion-resistant alloy castings for 
use in the cement, chemical, ceramic, 
oil+efining industries, as well as 
power plants, steel mills, etc., by 
International Nickel Co., Inc. A 
48-page booklet with 175 illustray 
tions of typical applications. Charis 
compare creep strength of variou 

alloys, resistance to corrosion and 
oxidation. Tables of composition’ 
list Alloy Casting Inst. designations, 


Also proprietary alloys. 


50 e SCALES. Howe Scale Co.'s new 
ball-bearing axle load scales. Built 
for continuous weighing of motor 
truck and trailer axle loads. 


51 @ BIN-DICATOR. An automati 
bin level indication and control o 
all bulk materials from Bin-Dicato 
Co. Diaphragm materials are cloth 
rubber, Fiberglas and asbestos cloth 
Several types and sizes. 


52 © COMPUTER. Capable of rapi 
solution of as many as twelve simul 
taneous linear equations and an 
nounced in a bulletin from Con 
solidated Engineering Corp. Thi 
new electrical computer reduces com- 
putation time % to Yo, reduces 
operator errors, and permits em- 
ployment of personnel without ad- 
vanced mathematical training. 


53 @ CONVEYORS. For all indus- 
tries requiring conveying equip- 
ment Rapistan by Rapids-Standard 
Co., Inc. Gravity and powered con- 
veyors, trucks, etc., photographed 
and described, dimensions, special 
features, etc., included in new bul- 
letin. 


54 @ MAGNETIC TRAPS. Eriez Mfg. 
Co.'s permanent nonelectrical, pipe- 
line trap removes tramp iron 

liquid how lines. Noncorrosive, of 


stainless steel, unaffected by high 
temperatures. Pressures up to 75 
Ib. /sq.in. 
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55 « COOLING TOWERS. Foster 
Wheeler Corp.'s bulletin on com- 
plete line of cooling towers. De- 
scribes air and water distribution, 
air resistance, spray loss, etc., materi- 
als of construction, uses, ete. 


56 @ SILICONE RUBBER. For those 
with design considerations a new 
booklet from General Electric Co. 
Covers properties, available classes 
of silicone rubber, as well as design 
specifications and uses. 


57 @ X-RAY TECHNIQUES. Reprinted 
article on X-ray technique. Also rr 
print on X-ray tin coating gage. De 
tails on operation and uses. From 
North American Philips Co., Ine. 


58 @ ELECTRIC SPRAY GUN. ll 
metal with tigger action and ex- 
tremely light weight. Suitable fo 
many industrial applications such as 
spraying paints, lacquers, chemicals, 
oils, ete. Champion Implement Corp 


59 @ INDUCTION MOTOR. Elliott Co. 
describes line of outdoor splash 
proof induction motors. Hp. 250 
1000, 2 poles; 50-3000 hp., 4-LE poles 
Ring-oiled, pressure-lubricated, 
antifriction bearings. Many special 
features, variety of types. 


60 HYDROTORQUE. For livdraulic 
positioning of valves, etc. Farris Hy- 
drotorque Corp.'s leaflet on its line 
of hydrotorques. Applications in air- 
craft, marine, refinery, chemical and 
other industries. Technical details 
complete with diagrams. 


61 e GAGES AND VALVES. Liquid 
level gages, valves and specialties 
made by Jerguson Gage & Valve Co. 
Heated and cooled, non-frosting. 
flanged-end, etched-glass gages and 
some of special metals. 


62 e CONTACTS. Po ketsize, loose- 
leaf booklet of Assembly Products, 
Inc., covers Sim-Ply-Trol contact 
meter-relays. Diagrams, list of com- 
ponents for circuits shown. Discus 
sion of mounting, cleaning and serv- 
icing. Replacement parts listed 


63 © SYNCROGEAR MOTOR. A right- 
angle worm geared Syncrogear motor 
from U. S. Electrical Motors, Ine. 
Bulletin in color depicts individual 
parts. Self-locking biake action, pre 
cise gear location are features. 


64 DUSTUBE. American Wheela- 
brator & Equipment Corp. tells how 


to reduce dust problems in rubber, 
agricultural, chemical, ceramic, and 
other industries with Dustube. Bul- 
letin available. 


65 @ CARRIER AMPLIFIER. For small 
engineering and development labo- 
ratories, analysis and evaluation of 
high frequency and physical factors 
affecting product performance. Per- 
mits measurement of stress, strain, 
acceleration, displacement. Consoli- 
dated Engineering Corp. 


66 e VINSOL. Neutralized Vinsol so- 
lution used as an air-entraining 
agent is new with Hercules Powder 
Co, Folder describes advantages, 
production process, desirable uses, 
quantities to be used, ete. 


67 e COLLOIDAL GRAPHITE. New uses 
for colloidal graphite discussed in 
folder from Acheson Colloids Co. 
Use as a surface coating for mechani- 
cal devices and as an impregnating 
medium. 


68 @ AIR SHIPMENTS. ‘This particu- 
lar phase of tansportation in every 
industry discussed at length in data 
book from The Hinde & Dauch 
Paper Co. 


69 @ BIFURCATOR FANS. DeBothezat 
fans division of American Machine 
and Metals, Inc., offers a revised edi- 
tion of its catalog on bifurcator fans. 


70 @ VACUUM DRYING. Methods of 
vacuum drying and complete me- 
chanical description of rotary vac 
uum dryers are described in a well- 
illustrated catalog from F. J. Stokes 
Machine Co, 


71 @ EXTRUDERS. Iwo new bulle- 
tins from F, J. Stokes Machine Co. 
Covers Stokes-Windsor multi-screw; 
R.C. 100 twin screw and R.C. 200 
triple screw. 


72 @ JET MIXERS. Efhcient machines 
aesigned specifically for jet mixing 
liquids and solids, for emulsifying, 
ctc. Barrington Engineering Co. 
catalog. 


73 @ AIR-OPERATED VALVES. From 
Minneapolis-Honeywell Regulator 
Co. double-seated diaphragm valve 
described in &-page specification 
sheet. 


74 @ ELECTRO-O-VANE CONTROL. 
Used on Brown indicating and re- 
cording pressure gauges and covered 


in specification sheet trom Minne- 
apolis-Honeywell Regulator Co. 


75 @ LIQUI-JECTOR. For removal of 
water, water-oil emulsions and dirt 
trom compressed air the Liqui-Jector 
by Selas Corporation of America. 


76 @ INDUSTRIAL MAGNIFIERS. A 
24-page guide on this subject from 
Bausch & Lomb Optical Co. for use 
in the laboratory, plant or office, to 
improve quality, cut costs and in- 
crease production. 


77 @ P-R GAS BURNERS. Flame-ty 
used in heat processing, glass Ere 
polishing, etc. Manufactured and 
described by Selas Corporation of 
America. 


78 COMBUSTION SAFEGUARDS. 
Two protective devices used in pip- 
ing systems of gas-and-air combustion 
systems. Bulletin SC-1006.  Selas 
Corp. of America. 


79 @ HUM-I-DRi. A moisture absorb- 
ent for industrial and residential use. 
New with Speco, Inc. 


80 EXTRUSION MACHINES. Used 
in extruding rubber, plastics, wire 
and film. Screw-type. Allen Extru- 
sion Machine Division, Industrial 
Ovens, Inc. 


81 @ FILTER GAUGES. Builders— 
Providence, Inc., bulletin on me- 
chanically operated filter gauges. 
Explains principle of operation for 
use in water works and purification 
processes. Instrument shows rate of 
flow, loss of head in feet. 


82 @ KOBE TRIPLEX PUMP. Developed 
originally for pumping oil wells hy- 
draulically and now applied in air- 
craft, rubber and steel industries. 
Kobe. Inc. 


83 e MOLDING MACHINES. From 
Hydraulic Press Mfg. Co. the story of 
application of hydraulics to Ameri- 
can industry. 


84 @ COIL BOBBINS. Nylon coil bob- 
bins made by an economical high- 
speed, single-injection cavity-molding 
process and available in sizes .025 oz. 
and | in. in length. Gries Repro- 
ducer Corp. 


85 @ MANOMETERS. For industrial 
and laboratory use differential or ab- 
solute manometers and other types of 
mercury-containing instruments. Bul- 
letin from Chemiquip Company. 
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National Lead Company’s 
use of Glycerine for making 
synthetic resins dates back 
over 35 years. Today, Glyc- 
erine-derived alkyds play 
an important part in many 
of National Lead’s familiar 
“Dutch Boy” paints. They’re 
used in exterior finishes, 
such as quick-drying enam- 
els for sash and trim, and 
also in enamels and flat 
paint for interior use. 


FULLY ACCEPTED... FULLY AVAILABLE IN ALL GRADES! 


For years, leading manufacturers of houschold and industrial finishes have fa- 
vored Glycerine for making alkyd resins. Why? Because Glycerine-derived alkyds 
give them excellent package stability . .. improved water resistance .. . outstand- 
ing durability. 

Glycerine-derived alkyds improve color retention and film toughness in air- 
drying coatings for metal equipment. They contribute flexibility and adhesion 
to baking finishes—where their compatibility with other resins like ureas and 
melamines is essential. 

Glycerine is also preferred in resin-making because of its better cooking 
qualities. With Glycerine, manufacture of alkyd resins is easily controlled to give 
a product of low acid number, without undue hazard of gelation. 

If you'd like detailed information on the chemical and physical properties of 
Glycerine, write lor your copy of “Why Glycerine for Alkyd Resins and Ester 
Gums?” 


GLycerine Propucers’ ASSOCIATION 


295 Madison Avenue, New York 17, N. Y. 
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CENTENNIAL EXCERPTS 


(Continued from page 40) 


The Dim Future 
In all 


shall see the operable 
limits pushed upward by 
and reflected first in research 
then in manufacture of plastic ma- 
terials. Is it not also possible that 
the available pressure range will be ex- 
tended in the opposite direction also, as 
engineering provides economical means 
first for research and perhaps later for 
chemical manufacturing at and 
lower subatmospheric pressures? Engi- 
neering techniques for producing high 
temperatures and for effecting rapid 
. cooling from those temperatures will be 
} retined and followed by increasing util- 
ity in the plastics industry. 


likelihood 
high-pressure 

engineering 
and 


we 


lower 


Contributions of Engineering 
to the Plastics Industry 
Frank C. McGrew 


the fruit of 
nature's richness becomes plucked, more 
and more of the potentialities of empir- 


}3 As more and more of 
— founded upon the structure of 


matter in bulk, become exhausted, and 
} the more do we have to look to the sub- 


ES atomic and nuclear structure of 


matter for further progress. The time 
is coming when the engineer will find 
that the sharpening of his old teols is 
not sufficient for his task. He must ac- 
quire new and strange tools, tools which 
seem antagonistic to his common sense. 

Sut common sense is a curious attribute. 
bn its proper domain, it is a jewel of 
priceless value, 
Htrenched in any realm, it can impede 
; Fortunately, it is a change 
fable kind of thing. Like a chameleon, 
its colors alter with its surroundings, 
and it will happen in the future, as it 
has happened in the past, that the com- 
mon sense of the past is the nonsense of 


but when strongly en 


progress 


today, and the new nonsense of today is 
the future. It is 
for the young engineers to attune them 
selves to the common sense which is to 
come, that they may walk with the same 


the common sense of 


security under its guidance as their pre 
the guid 
ance of the common sense of their day 


decessors have walked under 


The Engineer and the Scientist 
W. F. G. Swann 


3 The telephone engineer knows that 
his job will not be done until every 
man everywhere can speak to and see 
his fellow-man wherever he may be. 


The Telephone Engineer and His Job 
Hal S. Dumas 


The Clear Past 


Solvay’s success was an 
engineering achievement of the highest 
order. He had to make a reversible 
reaction go by mass action effects. In 
order to do this he had to develop a 
type of lime kiln that would give high 
carbon dioxide concentration in the kiln 
gas. He had to design equipment for 
the decomposition of solid bicarbonate 
of soda under conditions that enabled 
him to recover the dioxide evolved at 
high yield and relatively undiluted with 
air. He had to build a pressure reactor 
for the operation and in this reactor he 
had to provide for effective counter- 
current contact of the gas and liquid. 
Moreover, he developed this complicated 
combination of means for securing an 
adequate mass action effect six years be- 
fore the law of mass action was discov- 
ered by the chemists Guldberg and 
Waage. In addition to all this, he had 
to have independent control of the tem- 
perature of the precipitating liquid and 
its residence time in the reaction zone. 
The ammonia he put through the process 
per cycle cost five times the value of 
his final finished product, so that he had 
to develop equipment in which mechan- 
ical losses of ammonia were negligible 
and a process which would recover am- 
monia in extremely high yield at low 
cost. These things he did represent 
superlatively good engineering. More- 
over, Solvay was not alone in doing this 
sort of work; despite this fact, chemical 
engineering as a profession did not 
come into being in the nineteenth cen- 
tury. It is appropriate to mention that 
Solvay was a civil engineer. 

Chemical Engineering—A New Science 
W. K. Lewis 


3 There were times, before the advent 
of western railroad development and 
modern meat packing, that steers on the 
range sold little as $5 a 
Many of them were used just for 
their hides. A thousand miles away con- 
sumers wanted beef. 


open for as 


head. 


Food Processing—A Century of Progress 
John Holmes 


3 The biggest single thing that has 
happened to agriculture in modern 
times has been the transition to power 
farming. 

In 1860, an Illinois farm paper re- 
ported what it called “the first actual 
success in steam plowing in America.” 
The steam plow ran 23 minutes, stopped 
6 minutes for wood, ran 13 minutes, 
stopped 8 minutes for water, ran 1 min- 
ute. It plowed 2.63 acres in 72 minutes, 
using 6 of a gang of 13 plows. The 
crew consisted of a man and a team of 
horses to supply fuel and water, a fire- 
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man, two men to manage the plows, and 
one of the inventors. In other words, 
five men and a team of horses to run 
one steam engine. The operation was a 
success, but the patient suffered a re- 
lapse when he saw the bill. . 

From a total of 23,285,000 horses and 
mules in 1924, the number has decreased 
every year and was listed at 7,463,000 
for 1950. Modern farm tractors gave the 
farm work horse a needed rest. 

Farm Tractor Development and the 
Mechanization of Agriculture 
A. E. W. Johnson 


He Has Worked 


We must not forget 
that our entire country was originally 
agrarian. At the time of George Wash- 
ington, about 98 per cent of our popula- 
tion was engaged in agriculture, and al- 
most every year it was a task to keep 
the population from starving to death. 
Today only 12 per cent of our popula- 
tion is engaged in agriculture, and al- 
most every year we over-produce every 
major crop. 

Brief History of Engineering 
Education in the South 
Blake R. Van Leer 


3 The huge growth of the inorganic 
chemical industry has not been due to 
a vast profusion of new chemicals, as in 
the case of the organic chemical indus- 
try, but rather to a vast expansion of 
facilities to produce the rather small list 
of chemical work horses such as am- 
monia, caustic soda, chlorine, hydro- 
chloric acid, nitric acid, phosphoric acid, 
salt cake, soda ash, and sulfuric acid 
Inorganic Chemical Technology—A Miracle 
of Engineering 
W. T. Nichols 
$ It is largely true that there had been 
no really substantial advancement in 
farming methods and farming tools for 
thousands of years until about 100 years 
ago. 
The Machine Age of Farming 
Robert P. Messenger 


3 The relief from some of the heavy 

burdens placed today upon the seeing 

organs, is becoming recognized as one 

of the greatest engineering contributions 
in recent years. 

Health and Human Engineering 

Samuel G. Hibben 


Philosophy 
Progress can also mean im- 
provement of such unglamorous factors 
as thermal efficiencies, yields, costs, and 
lahor requirements. 
Century of Progress in Energy 
Eugene Ayres 
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IN SELECTING CHEMICAL PLANT PIPING 


N specifying process pipe it is important to give proper weighting to re- 
placement costs, maintenance, ease of cleaning and the visibility of a 
process. That’s why it may pay you to review these facts about PYREX 


brand “‘Double-Tough” glass pipe: 


Corrosion Resistance—Glass pipe pro- 
vides corrosion resistance to an extremely 
wide range of chemicals. It withstands the 
effects of all acids, except hydrofluoric, and 
can be used with all but exceptionally 
strong caustics. 


Visibility — Only glass permits you to 
actually see what is happening— helps you 
to keep a continuous check on your process. 


Ease of Cleaning 
surface of PYREX pipe assures simple rapid 


The glass-smooth 
cleaning by flushing. There are no trunca- 
tions or grooves in which deposits can collect 
to foul the pipe or to contaminate sensitive 


solutions. 


Rapid Assembly—PYREX pipe 


fittings are designed for rapid installation 


and 
even by inexperienced help. Field plumbing 


kits permit you to make odd lengths right 
on the job as shown at right above. 
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Cutting odd length is simple 


Low First Cost—The initial cost of 
PYREX pipe is definitely in line with that 
of other materials— 


chemical piping 


actually lower than most. 


Low Replacement Costs — Not only 
corrosion resistance, but high resistance to 
both physical and shock 
tribute to long service life. People respect 


thermal con- 


glass, treat it carefully. Records prove that 
PYREX pipe is a genuine bargain. 


Chemical Engineering Progress 


MONG the biggest and most 
enthusiastic users of PYREX 
pipe today are those who tried @ 
small installation “just to see how it 
would work.”’ Why not you? There 
is a PYREX pipe distributor near 
you. He carries the complete ling, 
including all fittings. Corning will 
gladly send you his name on request. 
Use the coupon below. 


CORNING GLASS WORKS 

Dept. EP-10, Corning, N. Y. 

Plecse send me the printed information 

checked below: 

oO “PYREX brand “Double-Tough” Gloss Pipe 
and Fittings” (EA-3) 

(C) “PYREX brond Gloss Pipe in the Process 
industries” (EA-1) 


Nome 
Title. 


Compony 
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“Way back in 1935 we found that the effective answer 
to acid corrosion troubles is tantalum heat exchangers. 
Not only are they really acid-proof, they will take high 
steam pressures—which speeds production—they require 


almost no maintenance, there is no thermal shock prob- 


lem, and we know from experience they last a long time.” 


TANTALUM SHELL 
AND TUBE HEAT EXCHANGER 


Contains 174 seamless tubes with 

heating area of 187.5 sq. ft. 

Using 150-pound steam, this unit will trans- 
mit roughly 4,000,000 Btu per hour. Smaller 
or larger units can be built for your process. 


Use TANTALUM with seenseny | 
for most acid solutions, corro- 
sive goses or vapors; not with — 
HF, alkalis, or substances con- 

taining free SO3. | 


Consult Fansteel for designs and recommendations 


TANTALUM 


the most nearly 
TANTALU 
22406C 


Fansteel Metallurgical Corporation cuicaco, 


Chemical Engineering Progress 


A.I.Ch.E. COUNSELING 
SESSION PLANNED 


A counseling conference, the first of 
its kind in the history of the A.LCh.E., 
is scheduled as one of the features of the 
Cleveland meeting this December, ac- 
cording to Leon Chrzan, of the Insti- 
tute’s Professional Guidance Committee, 
under whose planning the conference 
was arranged. 

Chrzan stated that the meeting was 
aimed at Junior members of the Insti- 
tute who feel that an opportunity should 
be provided to discuss professional 
problems with older and more experi- 
enced men in the industry. Arrange- 
ments now call for small discussion 
groups to meet with senior and junior 
counselors who have had considerable 
industrial experience. 

The program as outlined by the Pro- 
fessional Guidance Committee, will have 
Sidney D. Kirkpatrick, editorial diree- 
tor, McGraw-Hill Publishing Co., open 
the meeting with a talk entitled “At the 
Threshold of an Engineering Career.” 
After the talk, the group will then sepa- 
rate into groups of eight, a question of 
importance will then be selected, and a 
pair of counselors will be chosen to dis- 
cuss the question at the group's table. 

“This conference,” said Chrzan, “is a 
continuation of the Institute’s early ef- 
forts in encouraging Junior members to 
explore the full depth of professional 
stature in the chemical field. The pur- 
pose of this conference is twofold: first 
it will provide the younger men with the 
opportunity to meet and talk with men 
who personify chemical engineering, 
and further will give them an oppor- 
tunity to ask and discuss questions 
which are important in determining the 
correct course of their professional de- 
velopment.” 

“However the conference is not lim- 
ited to Junior or Student members,” he 
concluded, “and the Committee invites 
participation by all members of the 
A.L.Ch.E.” It is expected the meeting 
will be held the evening of Monday, 
Dec. 8. 


SECOND ANNUAL 
FACULTY LISTING 


A new listing of chemical engineering 
faculty in the nation’s colleges will soon 
be ready according to information re- 
ceived from the A.I.Ch.E. Chemical 
Engineering Education Projects Com- 
mittee. The new listing will have more 
data than the first, according to Kenneth 
A. Kobe, professor of chemical engi- 
neering, at the University of Texas, and 
in charge of the project. 

“This year,” said Professor Kobe, 
“personnel departments of various com- 
panies have asked us to include more 


(Continued on page 54) 
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THE WULFF PROCESS 


Acetylene from natural gas, ethane, 
propane, butane, or any LPG mixture 


available through Fluor! 


The manufacture of acetylene from hydro- 
carbons by thermal pyrolysis is now commercially 
feasible and economically attractive! This has been 
proved. In January, 1951, the Wulff Process Com- 
pany placed in experimental operation a commer- 
cial-sized acetylene plant. The plant has been 
operating continuously for the last 19 months. 
During the last 10 months of this period, acetylene 
has been sold commercially. This same process may 
be applied to plants making as little as one ton per 
day of acetylene to as much as one hundred tons 
or more per day. 

The Wulff Process Company plant has ex- 
perienced continuous operation on a wide variety 
of hydrocarbon feed stocks. Methane and propane 
have been used commercially. Test operations with 
ethane, butane and various hydrc:2rbon mixtures 
have demonstrated that a single plant with modi- 


Wulff Process Recovery and Purification section. In fication only in operating conditions can be used ? 
operation over 19 months, the plant has sold acetylene i for a number of feed stocks. The process can be 
commercially for the past 10 months. 4 operated to produce substantial yields of commer- 


cial grade ethylene simultaneously. 
Regardless of whether your activities lie in 
This fully automatic f the production of petrochemical feed stocks, the 


cracking furnace is the ' manufacture of end erocheusiaiit 
heart of the Wulff Pro- pe products, or 


same, be the peut 10 both, it will pay you to investigate this commer- 
months of commercial cially proven process for the recovery of low-cost 
operation, this unit has acetylene from hydrocarbons. Your nearest Fluor 
pequired no mainte representative will be pleased to provide detailed 
yields have information on specific requirements. Contact him 
the same. today! 


Available from Fivor 


The Wulff Process for the production of acetylene from 

hydrocarbons is available through The Fluor Corpora- 

tion. With over 30 years’ experience in the design, engi- 

neering, and construction of plants and facilities for the 

petroleum and chemical industries, Fluor possesses the 

backgrotind, the skilled personnel, and the know-how 

essential for the practical application of the Wulff Process Engineers - - Constructors - Vanufacturers 

into your particular program. THE FLUOR CORPORATION, LTD. - LOS ANGELES - HOUSTON 


Mee Yorn, Chicago, Pittsburgh, Boston, Telsa, San Francisco, Birmingham ong Calgary 


Represented the Steriimg areas by 
Head Wrightsoe Processes Teesdate Howse, Bait Street. London, C 
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TAYLOR GUARANTEED 


COLOR STANDARDS 
ASSURE ACCURACY! 


Speed is assured because Taylor 
Comparators are so easy to use. 
No heavy, bulky equipment. No 
fragile single color standards to 
handle, all slides for any one de- 
termination are mounted in a 
sturdy plastic base. And, you get 
everything you need with your 
Taylor Comparator slide, 
base, reagent and accessories. 
Carrying cases also available at 
slight extra cost. 
Continuing accuracy is assured 
because all Taylor liquid color 
standards carry an unlimited 
guarantee against fading, thus no 
mechanical inaccuracy is pos- 
sible. 
Taylor Comparators are availa- 
ble for combinations of pH, 
chlorine and phosphate, complete 
water analysis and many more 
determinations. Many slides can 
be used on one base. 

SEE YOUR DEALER FOR TAYLOR SETS 


FREE REFERENCE BOOK 


tells theory and application of pH 

and chlorine contro! in 34 basic in 
dustrial processes. Also de 
scribes and illustrates com 
plete Taylor line. Write for 
your copy today! 


W. A. TAYLOR 


412 RODGERS FORGE RO. + BALTIMORE-4, MD 


MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


| A Vital Subject Brought 
Up to Date 


Absorption and Extraction. Thomas K. 
Sherwood and Robert L. Pigford. 
McGraw-Hill Book Co., Inc. New 
York. (1952) 478 pp. $7.50. 


Reviewed by Bernard W. Gamson, 
Director of Res. and Dev., Great Lakes 
Carbon Corp., Morton Grove, Ill 


HE second edition of Absorption 

and Extraction is a joint revision 
of the first edition by Professor Sher- 
wood, published in 1937. The fifteen 
years which have elapsed during the 
writing of these two volumes have been 
prolific with data and publications in 
the field of absorption and extraction. 
The current volume is an attempt to 
bring the literature of this period up to 
date for the chemical engineer. 

There are ten chapters contaming 
considerably new material over that of 
the first edition, and actually there is 
little recognition between the two vol- 
umes. Considerable emphasis has been 
placed in the first four chapters on both 
steady- and unsteady-state diffusion, 
eddy diffusion, and the theory of mass 
transfer from surfaces to fluid streams 
coupled with the attempt to develop the 
relationships between fluid friction, heat 
transfer and mass transfer by a single 
theory. 

Several excellent chapters are devoted 
to the design of absorption equipment as 
well as the design principles for multi- 
component systems The latter 
does not cover the use of vaporization 


subject 


equilibrium constants and related activ- 
ity coefficients for both the liquid and 
vapor states such as has been developed 
This 
would be particularly desirable when 


in recent years by several writers 


dealing with light hydrocarbons where 
the normal vaporization equilibrium 
constants vary greatly with the solvent 

Iwo excellent chapters are devoted to 
the physical phenomenon associated with 
gas-absorption equipment and the per- 
formance of various types o! vessels em 
ployed in carrying out absorption phe- 
These cover data on packed 
wetted-wall spray 
towers, agitated vessels, and plate col- 


nomenon. 
towers, columns, 
umns. 

An excellent discussion is presented 
on simultaneous absorption and chem- 
ical reaction which summarizes the fac- 
tors effecting chemical reaction and ad- 
sorption rate. A marked theoretical ad- 
vance over the past literature has been 
developed and is presented by the au- 
thors. 
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The section on solvent extraction is 
cevered by one chapter and could be 
expanded upon to make the discussion 
more comprehensive. 

This volume is definitely recom- 
mended for every chemical engineer, 
both in the university and in practice. In 
fact, it is a must in the reviewer's 
opinion for those engaged in the field 
of absorption and extraction. It is a 
worth-while addition to the literature of 
chemical engineering. 


A “Bon” from Mott 


Practical Radiography for Industry. 
H. R. Clauser. Reinhold Publishing 
Corp., New York. (1952) 301 pp. $7.50. 


Reviewed by N. S. Mott, Chief Chem- 
ist & Metallurgist, The Cooper Alloy 
Foundry Co., Hillside, N. J. 


- the opinion of this reviewer, this 
book is one of the finest practical 
manuals on the subject of radiography 
to date, and although the price seems 
to be a little on the high side for a 
volume of its size, the extensive cover 
age and understandable clearness of the 
text make it well worth the expenditure 
for anyone concerned with the nonde- 
structive testing of materials 

Concise information aided by nearly 
200 illustrations is found on all radio- 
graphic subjects including a theoretical 
discussion, equipment types, applica- 
tions, operating techniques, interpreta- 
tions and standards. The separate chap- 
ters devoted to radium and cobalt 60 
radiography, betatran radiography, fluo- 
roscopy, and miscellaneous applications 
such as radiation detectors, microradio- 
graphy, and thickness-gaging methods, 
round out the general coverage of the 
subject of industrial radiography. 

The relatively nontechnical manner 
of explanation makes the book valuable 
for the training of students or assistant 
radiographic technicians; however, it 
could also be a valuable addition to the 
bookshelf of any engineer, 
metallurgist, inspector, or even an ex- 
perienced radiographer. 


reference 


Books Received 


Acids and Bases. Their Quantitative Be- 
haviour. R. P. Bell. Methuen’s Mono- 
graphs on Chemical Subjects. John 
Wiley & Sons, Inc., New York. (1952) 
90 pp. $1.50. 


Advanced Statistical Methods in Bio- 
metric Research. C. Radhakrishna 
Rao. John Wiley & Sons, Inc., New 
York. (1952) 390 pp. $7.50. 
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CONTROLLED CRYSTALLIZATION 
IS OUR BUSINESS 
Controlled Crystallization means: 


1. Non-caking, dust free, and uniform materials as am- 
monium sulfate, ammonium nitrate, potassium chloride 
and sodium nitrate. 

2. Non-scaling operation in concentrating solutions satu- 
rated with gypsum or other chemicals with inverted 
solubility. 

3. Producing crystal'ixe chemicals to meet exact cus- 
tomer specifications as to purity and crystal size. 


Installed capacity of our equipment to produce crystal 
line chemicals is over 15,000 tons per day. 

Laboratory and testing facilities for our customers 
available at our Warren, Pennsylvania plant. 


Send for Bulletin 50-A and write 
us concerning your specific problems. 


STRUTHERS WELLS CORP, 
CRYSTALLIZER DEPARTMENT... WARREN, PA. 
PLANTS AT WARREN, PA. + TITUSVILLE, PA. 

OFFICES IN PRINCIPAL CITIES 
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FACULTY LISTING 


(Continued from page 50) 


information. In addition to a listing of 
| the names and positions of all teaching 
| personnel in every chemical engineering 
department in the country, we will have 
information of the degrees granted at 
|} each college, type of graduate work, 
accrediting information, and the num- 
| ber of unfilled staff positions.” 
The listing was first published by the 
Projects Committee in 1951, and will be 
| free to members of the American Insti- 
| tute of Chemical Engineers. 
It is expected that this list will be 
available about Nov. 15, 1952. 
Please address the Secretary at 120 
This i yer Sete | East 41st Street, New York 17, N. Y. 
‘aetual wear conditions on & 
metals, plastics, paints, rubber, HUMBLE LECTURE 
, i gee gives you an accurate numerical The seventh annual series of Lectures 
index for your report. Recognized as the in Science at Humble Oil and Refining 
ndard abrasion test and used by leading Co.’s Baytown refinery will be presented 
research laboratories, the world over. by five professors from schools well 
“| scattered geographically. Dr. Henry 
Send her: FREE FOLDER at Eyring, professor and dean of the Grad- 
INSTRUMENT CORPORATION School, University of Utah, will 
266 Cocndry Strest ead off in November with a course on 
Kinetics and Catalysis. He will be fol- 
ALSO WRITE FOR FREE LITERATURE ON lowed by Dr. Joseph O. Hirschfelder. 
# V-5 Stiffness Gouge # Scratch ond Toughness Testers For Plostics wat professor and director of the Naval Re 
| search Laboratory, University of Wis- 
consin, in January, on Transport Pro- 
Read this! perties of Fluids. In March, 1953, Dr. 


Frederick G. Bordwell, assistant profes- 

sor of chemistry, Northwestern Univer- 

et News: sity, will conduct a course on Chemistry 
® of Organic Sulfur and Nitrogen Com- 

; : pounds. Dr. Joseph C. Elgin, professor 


rURBO- Aap is an efficient continu- = and associate dean of the School of 
ous gas-solid heat transfer and reactor Engineering, Princeton University, will 
apparatus. | lecture on Solvent Extraction, the first 


|} of April. Dr. Richard G. Folsom. 
Intensive circulation of gas by the chairman, division of mechanical engi- 


turbo fan wheels and repeated piling ' neering, University of California, will 
and spreading of solid material on gre’ mem am present a course in Fluid Mechanics, in 


June. 
tin tages. 
rotating trays offers unique advan Each of the courses extends over ap 


Can be used for exothermic or endothermic reactions. proximately two weeks, and is a full- 
Internal heaters or coolers supply or remove heat, permit time assignment for the members oi 

intaining accurate reaction temperat ’ Humble’s technical staff who participate. 
ma n ratures. 


May be operated in a closed circuit for continuous removal _ COURSES IN RADIO- 
of vapors accompanying reaction. ISOTOPES TECHNIQUES 


Oth Basic courses in radioisotope tech- 
ther reasons for considering the TURBO-Dryer: | niques in research will be offered by the 


Low Power Consumption — Reliable Performance Oak Ridge Institute of Nuclear Studies 
Low Melatenance Sealed Construction on January 5, February 2, and March 
Low Pressure Drop Indoor or Outdoor Installation 


2, 1953. 
Application blanks and other infor- 
mation on the one-month courses may 


W Y M N M be obtained from Ralph ( verman, 
Chairman, Special Training Division, 
we RYING E N GINEERS ~ Oak Ridge Institute of Nuclear Studies, 


Bout iene telond P. O. Box 117, Oak Ridge, 
Representatives im Principal Cities (More News on page 62) 
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Fastest growing phosphate producer, Westvaco has expanded 
its basic elemental Phosphorus production at Pocatello, Idaho, 
year by year. 


Simultaneously, increased processing facilities have been in- 
stalled at Carteret, N. J.; Lawrence, Kans. and Newark, Calif. 


So wherever you are and whatever your needs for any of the 
phosphates listed below, you can minimize inventory, be sure of 
uniform quality and a low delivered-price by ordering from 
Westvaco. For Westvaco has a unique combination of “big com- 
pany” output, efficiency and quality control along with “small 
company” personal service in handling your orders. 


Contract or spot, it pays to call Westvaco first. 


WESTVACO CHEMICAL DIVISION 
FOOD MACHINERY AND CHEMICAL CORPORATION 
161 EAST 42nd STREET, NEW YORK 17, N.Y. 

CHARLOTTE, N.C. * CHICAGO, * CINCINNATI, OHIO + CLEVELAND. OHIO 


DENVER, COLO. * LOS ANGELES, CALIF. * NEWARK CALIF + PHILADELPHIA PA 
POCATELLO, IDAHO * ST. LOUIS, MO. + VANCOUVER WASH 


ROPHOSPHATE + CHLORINATED PHOSPHATE - DIPOTASSIUM PHOSPHATE 


PHATE + MONOPOTASSIUM PHOSPHATE - MONOSODIUM PHOSPHATE 


PHOSPHATER CAUSTIC SODA - PHOSPHORIC ACID - 


POTASSIUM TRIPOLYPHOSPHATE - SODIUM HEXAMETAPHOSPHATE - SODIUM TRIPOLYPHOSPHATE 


POTASSIUM PHOSPHATE LIQUOR 


PYROPHOSPHATE - TETRASODIUM PYROPHOSPHATE 
PHOSPHATE - TRISODIUM PHOSPHATE ANHYDROUS 
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CANDIDATES FOR MEMBERSHIP IN Ch. E. 


The following is a list of candidates for the designated 
grades of membership in A. 1L.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 


These names are listed in accordance with Article III, 
Section 7, of the Constitution of A.I.Ch.E. 


APPLICANTS FOR 
ACTIVE 
MEMBERSHIP 


Barry, Charles B., Tulsa, 
Okla. 

Bohlig, Edward L., Hope- 
well, Va. 

Brensilber, Efream I., 
Brooklyn, N. Y. 

Brown, David, Emeryville, 
Calif. 

Bulls, James W., Terre 

aute, Ind. 

Burk, Chapman, El Cerrito, 
Calif. 

Carbone, Walter E., Madi- 
son, N. J 


Casten, W., Buffalo, 
N.Y. 


Cavataio, Jerald A., North 
Arlington, N. J. 

Charity, Neil M., Lawrence- 
burg, Ind. 


Chenevey, John E., Roselle 
Park, 

Coli, G. J., Jr., Hopewell, 
Va. 

Collinge, H. K., Montreal, 
Que., Canada 

Danehower, Robert G., 
Phila., Pa. 

Deaderick, James W., 
Signal Mountain, Tenn. 

Dean, C. W., Memphis, 
Tenn. 

DiPace, Joseph A., Paris, 
France 

Dorris, Thos. B., Oakland, 
Calif. 

Flamm, Paul F., Kingsport, 
Tenn. 

Fontaine, Francis E., Pearl 
River, 

Ghublikian, R., 
Boston, Mass. 


Hankey, E. H., Springfield, 
Mass. 


FLOWRITES 


__|_sFLOWRITE_ 


PATENT NUMBERS 1470149 


_fCONDENSER TUBE 


Low Cost Protection 


for 


HEAT EXCHANGER TUBE ENDS: 


In the past 31 years Conseco has provided millions ot | 
Flowrites for tube inlets of heat exchangers operating 
in all industries and all applications. Tube inlets be- 
come eroded and worn long before the remainder of the 


tube, and by reinforcing the inlets it is possible to — 


increase the effective tube life many times. 
Flowrites—made of the same metal as the tubes— 

are available in any length, diameter or gauge. 

are easy to install and remove by unskilled help. When 

Flowrites themselves become worn (instead of the tubes!), 

just pull them out and install new, longer Flowrites. 
Get the facts from the 8-page Flowrite “proof” 

booklet, available upon request. 


CONDENSER SERVICE & ENGINEERING C0. 


80 RIVER ST., HOBOKEN, N. J. 


Objections to the election of any of these candidates 
from Active Members will receive careful consideration 
if received before November 15, 1952, at the Office of the 
Secretary, American Institute of Chemical Engineers, 120 


East 41st.. New York 17, N. Y. 


Henzmann, Robert E., 
Charleston, W. Va. 

Hilinski, Francis A., 
Louisville, Ky. 

Jackson, Robert M., 
Rochester, N. Y. 

Junker, Thomas J., Pitts- 
burgh, Pa. 

Karr, ‘wwe E., Bloom- 
field, N. J. 

Keane, pote D., Oak Park, 


Keene, Wilson B., Forest 
Hill, Md 

Koch, W. C., Marcus Hook, 
Pa. 

Lane, William Hugh, 
Texas City, Tex. 

Lang, Edward W., Birming- 
ham, Ala. 

Luckring, 
ton, 

Mason, Donald R., Morris- 
town, N. J. 

May, Walter G., Union, 


. M., Wilming- 


Mcintosh, J. L., Metuchen, 
N. J. 

Minet, Ronald G., Phila., 


Pa. 
Oldaker, Jay F., Charleston, 


W. Va. 

Palm, J. W., Tulsa, 
Okla. 

Reinker, Robert E., Mid- 
land, Mich. 

Rosebrock, Frederick H., 
Jr., Rockville Centre, 


N.Y. 

Saner, H. Albert, Bozeman, 
Mont. 

Seglin, Leonard, White 
Plains, N. Y. 

Seubert, Robert F., Oil City, 


Pa. 
Shuffle, Edwin, Jr., 
Charleston, W. Va. 
Simon, Robert H., Scotia, 
N.Y 


Smith, Frederick W., Allen 
Park, Mich. 

Smith, Loyd T., Pawhuska, 
Okla. 

Smith, Thomas J., Jr., 
Stamford, Conn. 

Stevens, James E., Jr., 
Nashville, Tenn. 

Stras, James C., Jr., Kings- 
port, Tenn. 

Stueber, Curtis C., Akron, 
Ohio 

Taylor, James A., Romulus, 
Mich. 

Thompson, Howard F., 
Chester, Pa. 

Weinstein, Seymour, 
Chicago, Ill. 


Weyrich, John C., Louis- 
ville, Ky. 

White, D. H., Bartlesville, 
Okla. 

Wilson, Virden W., 
Houston, Tex. 


APPLICANTS FOR 
ASSOCIATE 
MEMBE® SHIP 


Hendrickson, John R., 
Bel Air, Md 

Luzader, G. Brooks, South 
Charleston, W. Va. 

Montgomery, Robert N., 
Houston, Tex. 

Shaw, Wesley Samuel, 
Pittsburgh, Pa. 


APPLICANTS FOR 
JUNIO 
MEMBERSHIP 


Adams, R. O., Wilmington, 
Del. 


Anderson, Douglas W., 
Berkley, Mich. 

Armstrong, Phillip E., 
Charleston, W. Va. 

Atwood, James D., Edin- 
burg, Tex. 

Babb, A. L., Seattle, 
Wash. 

Bach, Robert J., Jr., 
Milwaukee, Wis. 

Ballmer, Charles L., Nor- 
walk, California 

Bearden, John T., Louis- 
ville, Ky. 

Berry, William H., Jr., 
Louisville, Ky. 

Burns, John C., Jr., 
Houston, Tex. 

Caccavo, Frank V., 
Brooklyn, N. Y. 

Cairns, Stanley W., New 
Rochelle, N. Y. 

Daley, Allen M., Lewiston, 


Dalrymple, Robert Roy, 
Passaic, N. 

DaVanzo, Albert Arthur, 
Army Chemical Center, 
Md. 

Davis, Kenneth W., 
Houston, Tex. 

DeGraff, Richard R., San 
Francisco, Calif. 

DeLisle, Norman G., 
Midland, Mich. 

Desai, Krishna, Brooklyn, 
N.Y 


Destremps, Edward A., 
Brooklyn, N. Y. 

Dvorsky, Edward, Jr., 
Niagara Falls, N. Y. 


(Continued on page 58) 
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directly ... accurately . . . continuously 


Now you can measure or control the humidity content 
of air or process gases with simplicity and accuracy 
never before obtainable! 


An entirely new-type humidity-sensitive element, 
the exclusive Foxboro Dewcel*, opens many new 
possibilities for product improvement in industry. 
Coupled with a Foxboro Recorder or Controller, the 
Dewcel offers these outstanding advantages: 


Investigate Foxboro Dew Point Control for your 
process. In successful use in nuclear fission, pharma- 
ceutical, food and chemical plants, distilleries, photo 
film production, drying and storage operations. Write 
for Bulletin 407. The Foxboro Company, 9310 Neponset 
Ave., Foxboro, Mass., U.S.A. 


HOW THE 
DEWCE 


W OR KS 


The Dewcel element is a thermometer bulb 
liquid-filled or electric-resistance type) jacketed 
with lithium-chloride-impregnated woven glass 
tape. Over this are wound two spaced wires 
connected to an AC source. The lithium chloride 
absorbs mo’sture, allowing current to flow, gen- 
erating heat, and raising the temperature 
Equilibrium temperature is reached when vapor- 
pressure of the moist salt exactly balances that 
of the surrounding air or gas. The System trans 
lates this temperature into direct readings of 
dew point. 


Thus. Foxboro Dew Point Instruments give 
direct readings or control of dew point trom 
—50°F. to 142°F. at working temperatures from 

40°F. to 220°F. Readings easily converted to 
absolute or relative humidity. 

*Trade Mark 


| DIN 
INSTRUMENTS 


IN THE UNITED STATES CANADA, AND ENGLAND 


FACTORIES 
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Get the | RIGHT Answer to os 
HEAT-EXCHANGE PROBLEMS 


The right ratio of surfaces—the right materials — 
the right velocities—the right proportion between 
coil area and depth . . . there are dozens of factors 
that affect the efficiency, maintenance and service 
life of heat-exchange coils. 

For best performance in your own application, 
the practical approach is to take full advantage of 
the unequalled engineering, research and design 
skill — the unequalled manufacturing and testing 
facilities — which Aerofin offers you. 


To get the right answer—ask the Aerofin man. 


Aerofin units do the job 
Better, Faster, Cheaper 


Aerofin is sold only by manufacturers of nationally 
advertised fam system apparatus. List om request. 
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CANDIDATES 


(Continued from page 56) 
Ellefson, Roger R., Minneapolis, 


inn. 
Feinman, Jerome, Brooklyn, N. Y. 
Fisher, Robert A., Oak Ridge, Tenn. 
Gleason, Gerald H., New Rochelle, N. Y. 
Graves, John T., Westport, Conn. 
Greenwood, Billy S., Baytown, Tex. 
Guon, Jerold, Chicago, 
Gussow, Stanley, Newark, N. J. 
om Richard L., Minneapolis, 


Harkreader, Gordon G., Greenwood, 


Harris, John M., Wilmington, Del. 
Jesoph D., Falls Church, 


a. 

Heil, C. Richard, Springfield, Ohio 
Hoppe, Ray Alden, Charleston, W. Va. 
Johnson, Ronald L., Midland, Mich. 
Kardash, Walter A., New York, N. Y. 
Kasbohm, Martin, Grand Island, 


N.Y. 
oy Eric W., Jr., Scarsdale, 
Lance, Ronald Price, Springfield, 


ass. 

Larkin, David E., Savannah, Ga. 
Lee, Donald H., Teaneck, N. J. 
Lewis, E. Wayne, Baytown, Tex. 
Lobo, Paul A., Westfield, N. J. 
Magin, Kenneth E., Barrington, N. J. 
McCurdie, Don C., Pocatello, Idaho 
McGarry, William T., Rochester, N. Y. 
McGlynn, Edward S., Chicago, Ill. 
McLain, William G., Louisville, Ky. 
Menzemer, Charles LeRoy, Army 

Chemical Center, Md. 
Mohr, Lawrence C., Chicago, Ill. 
Moser, Richard J., Kalamazoo, Mich. 
= Richard E., Grand Island, 


Nicholas, Forest Hills, 
A 


Oliphant, Edgar, Jr., Richmond, Mo. 
O'Reilly, Michael, Flushing, N. Y. 
Ozkardes, Haldun, New York, N.Y. 
Parker, Norman H., Woodside, N. Y. 
Person, Rolph A., Milwaukee, Wis. 
Phillips, Russell C., Menlo Park, Calif. 
Pollock, Duane Rex, Seattle, Wash. 
Pope, Robert E., Lawrence. Kan. 
Rachford, Henry H., Jr., Houston, 


Tex. 
Reynolds, Jack B., Houghton, Mich. 
Samuels, Julian J., Goodwater, Ala. 
Schaffstall, Eugene, Buffalo, N. Y. 
Scriven, L. Edward II, San Mateo, Calif. 
Seid, Paul E., Mount Vernon, N. Y. 
Sheovpard, Robert B., Webster Groves, 


Mo. 
Shinners, Edward M., Niagara Falls, 


Simonson, Frank L., Lakewood, Ohio 
Siragusa, Gregory J., Newport News, 


a. 

Slavin, James, Detroit, Mich. 

Sourelis, Stanley G., Chicago, Ill. 

Staubs, Harry Leo, Martinsburg, W. Va. 

Stine, Roy L., Vernon, Tex. 

Struch, Walter E. A., Boston, Mass. 

Sudak, Richard G., Richland, Wash. 

Swandby, Richard K., Minneapolis, 
Minn 

Tatom, Keith K., Jr., Santa Barbara, 

alif. 

Thiele, R. E., Jr., Coleman, Mich. 

Van Arnum, Wm. H., Westfield, N. J. 

Waide, Charles H., Upton, N. Y. 

Weisemann, Gert H., Whiting, Ind. 

Werner. Harold V., Newpert, Del, 

Yeme, Bernard A., Grand Haven, 


ich. 
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Secretary’s Report 


S. L. TYLER 


HE September meeting of the Exec- 

utive Committee was held at the 
Palmer House, Chicago, Ill., Sept. 11. 
The Minutes of previous meetings, 
Treasurer's report for the month of 
August, and bills for the month of 
August were received and approved. No 
adverse comments having been received 
regarding those applicants for member- 
ship whose names appeared in the 
August issue of C.E.P., the candidates 
were elected to the grades of member- 
ship as indicated. Seven applicants were 
elected to the grade of Student member- 
ship. 

Henry H. Hubble, Jr., was appointed 
to the Membership Committee to replace 
E. B. Gunyou of the Columbia Valley 
Section. Robert F. Romell was ap- 
pointed to the Research Committee. 

The Public Relations Committee had 
submitted a draft of a questionnaire to 
be sent to the membership of the Insti- 
tute in order to obtain statistical infor- 
mation on the membership of the 
Institute and also opinions on general 
Institute policies. This questionnaire 
was studied at considerable length and 
a few modifications made which were 
to be recommended to the Council for its 
approval. 

The Council of the Institute met at 
the Palmer House in Chicago, on the 
afternoon of Sept. 13. Minutes of prev- 
ious meetings of both the Executive 
Committee and Council were approved. 

O. A. Hougen, chairman of the 
Awards Committee, presented in- 
terim report covering the activities of 
the committee for the year. 

Mott Souders, chairman, of the Sym- 
bols and Nomenclature Committee, also 
presented an interim report of the activ- 
ities of his committee. He reported that 
the committee is now working on a set 
of symbols for use on drawings. 

The questionnaire submitted by the 
Public Relations Committee was pre- 
sented to Council and the recommenda- 
tions of the Executive Committee were 
considered. The questionnaire was ap- 
proved for submission to the member- 
ship with the final draft subject to the 
approval of the Executive Committee. 
This questionnaire will be sent to all 
members of the Institute and their co 
operation is earnestly requested in order 
that the results may be accurate. 

The President reported the appoint- 
ment of the Tellers Committee to count 
and report on the Nominating and Elec- 
tion Ballots for officers for 1953 and 
Directors for 1953-1955: E. F. Jennings, 
Jr., chairman; O. C. Karkalits, T. H. 
Kelly, and S. M. Sheerin, secretary. 


(Continued on page 67) 
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PROCESS 


GIVES YOU 


LOWER PRESSURE DROP 


@ greater surface area 

@ more area 
accessability 

@ greater free space 

@ minimum “nesting” 
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@ minimum 
“channelling” 

@ lower liquid 
“hold-up” 

e higher flow capacities 

@ higher flooding limits 

@ lower side thrust 

@ lower weight 


INTALOX is a new and unique, “saddle-type” tower pack- 
ing. It’s specifically designed to give you greater efficiency 
and lower costs in virtually any diffusional tower operation. 
Ic has many advantages over other “dumped” packings. Take, 
pressure drop, for instance. INTALOX has a 60-65 °Clower 
pressure drop than Raschig Rings — 30-35% lower than Berl 
saddles. INTALOX is available in 
stoneware and in, 2”, 34”, 1” and 


chemical porcelain or 
1)” sizes. 


Learn more about 
INTALOX, today! 
Ask about our 116- 
page reference man- 
ual, 


“TOWER PACKINGS 
AND 
PACKED TOWER 
DESIGN” 


U. S. STONEWARE 


AKRON 


EQUIPMENT DiviSst 


» 
_— 
“i 
AL 
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LETTERS TO THE EDITOR 


# > | ELECTIONEERING SCORED 
U.S... SOUND POWERED | 


At a recent meeting of the Executive 
assures dependable | of the Mew Sestion, 
communication 


there was some discussion of the in- 
| creasing number of leaflets and letters 
EXPLOSION 
PROOF 


| received from other sections designed to 
| secure support for their candidates for 
These handsets are approved by 
Underwriters Laboratories for use 


| Directors of the Institute. We feel that 
this is an undesirable trend and that 
in hazardous locations — Class 1, 
Group D. 


some action, formal or informal, should 
be taken to stop it before it reaches the 
| proportions of an active electioneering 
With weatherproof construction, 
these sound powered handsets may No. 
be used for either permanent or 


| campaign. 

. | It undoubtedly arose as an attempt by 
portable communication. A 257-2 the sponsoring section to bring the 
Equipped with press - to - talk qualifications of little-known men to 
switch . . . No batteries, of course. rational attention, but it will almost cer- 
WRITE FOR CATALOG G | tainly deteriorate to the point where 
| each section feels compelled to follow 
suit. Perhaps in the future each section 
might be asked to submit a short bio- 
graphy of its suggested nominee for 
publication in “C.E.P.” or perhaps these 
biographies could be circulated with 
the ballots. In any case, we feel that 
| something should be done to keep active 
| electioneering from becoming the ac- 
| cepted thing. Certainly no one wants to 
see it pursued to the ultimate which 
might easily result in coalitions of Sec- 
tions such as New York, New Jersey, 
and Philadelphia - Wilmington, which 
could undoubtedly elect two or three 

Directors every year. 
If it is felt necessary to obtain the 
| election of Directors from various parts 
of the country, some form of regional 
directorships might be set up to ensure 
this. It is questionable, however, that 
| there are actually any regional interests 
which require advocacy on the Council. 


T. H. Kelly 


Approved by 
Underwriters 
Laboratories 


UNITED STATES INSTRUMENT CORPORATION 


SUMMIT++*NEW JERSEY 


HAND SETS 


INDUSTRIAL 
AND MINE 
SYSTEMS 


WEAD SETS 


New York, Sept. 8, 1952 


ARE YOU CIVIC-MINDED? 
Sir: 


I was very much interested in Mr. 
R. H. Price’s “Civic Responsibilities of 
| the Engineer” in the July Chemical 


This economical unit will re- 
duce lumpy materials, from 
their original bulk state to an 
exact degree of uniformity as 
predetermined by the feed gate 
adjustment. The cast alloy cut- 
ting rolls—rotating in opposite 
directions toward the heavy 
duty shear bar — provide a 
powerful crushing action. 

The Prater Crusher Feeder is 
designed for heavy duty serv- 


ice. It is compactly built, suit- 
able for mounting independent- 
ly, on a grinder or other process 
unit, or in close proximity. 
Quickly demountable rolls are 
easy to service. Fully enclosed 
machine-cut gears, running in 
oil, and safety shear pin hub 
on drive pulley add greatly to 
the life of the unit. Built in 
4 types and sizes. Write for de- 
tails and prices. 


PRATER 


PRATER PULVERIZER COMPANY, 1516 So. 55th Court, Chicago SO, Ill. 
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Engineering Progress, having served 
as an elected member of the town board 
of a suburban city of 4,000 and as Chair- 
man of its Public Safety Committee 
(Police and Fire Department). I per- 
sonally know of at least half a dozen 
other chemists and engineers who have 
served in similar capacities. I feel quali- 
| fied to affirm Mr. Price’s contention that 
engineers should take a place in first- 
level government. 
It is a fact that, by training, engineers 
are more capable of introspective exam- 
| ination of the facts whereas the extro- 
| verted people, one finds so universally 
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in public office, are less well equipped 
for this extremely vital function. 

One hears much talk of the “profes- 
sion” of engineering. A hallmark of a 
“professional man” in law, medicine, or 
the clergy is his interest in his com- 
munity. The engineer cannot escape his 
obligation as an ordinary citizen by 
claiming, in humility, that he is no better 
fitted for local government than his 
neighbor. 

As Mr. Price suggests, participation 
in community affairs is not only a pro- 
fessional responsibility, but a personal 
opportunity. 

H. E. Wessel 
Kansas City, Mo., July 31, 1952. 


NEWS 


(Continued from page 54) 


MASS-TRANSFER SCHOOL 
OF A.IL.Ch.E. AND SHELL 


The Shell Development Co., Emery- 
ville, Calif., conducted the first school 
in the Far West on Sept. 15 for teachers 
of chemical and process engineering. 
The day’s program was on mass-trans- 
fer fundamentals and operations, which 
was participated in by people from 
Washington, Stanford, U.C.L.A. and 
California (Berkeley). 

Continuing the work of the Chemical 
Engineering Education Projects Com- 
mittee of A.LCh.E., the initial arrange- 
ments for the school were made with 
Shell Development by Paul B. Stewart 
of the Process Group at the University 
of California for the Committee. 

After a short introductory talk by 
Mott Souders, Jr., the morning program 
was devoted to discussions of fundamen- 
tal problems in extraction by Thomas 
Baron, mechanics of drops and bubbles 
by Richard R. Hughes, and fundamen- 
tals of vapor-liquid contacting by Rich- 
ard B. Olney. Shell movies illustrated 
the operation of the equipment being 
discussed. Luncheon was followed by 
an inspection, discussion, and explana 
tion of certain Shell equipment, after 
which the group broke up into small 
discussion groups. 

Those attending were: A. L. Babb, 
University of Washington; C. B. Lind- 
quist and R. R. Paxton, Stanford Uni- 
versity; N. K. Hiester, Stanford Re- 
search Institute and Stanford Univer- 
sity; T. J. Connolly and John C. Harper, 
U.C.L.A.; C. R. Wilke, K. F. Gordon 
and C. W. Tobias, University of Cali- 
fornia ( Berkeley) chemical engineering 
division; and R. G. Folsom, R. V. 
Dunkle, L. Farbar, H. W. Iversen, H. 
A. Johnson, F. Kreith, N. W. Snyder, 
P. B. Stewart, C. J. Vogt, and A. K. 
Oppenheim, University of California 
(Berkeley), process and mechanical 
engineering. 
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for increased production involving 
heat transfer, the Readco Double- 
Arm Jacketed Mixer offers definite 
advantages. 
Its unique bow! design provides a 
greater ratio of heated surface to 
the volume of mix. Close clearances 
between the mixer arms and shell 
eliminate build-up of materials, per- 
mitting increased heat transfer ef- 
ficiency. 
Overlapping sigma arm mixing ac- 
tion exposes new surfaces and breaks 
down the entire mass with each ro- 
tation, producing a 
’ homogeneous mix in 
a short mixing cycle 
and eliminating peak 
loads. 
The flush-plug dis- 
charge gate prevents 
accumulation of dead 
volume. It can be 
supplied for manual, 
hydraulic or pneuma- 
tic operation. 


STANDARD 
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 Bakery-Chemical Division: 
PENNSYLVANIA 
LOS ANGELES 39, 
fr Chemical Engineering Progress Page 61 


If your problem is GRINDING 
investigate HAR DINGE MILLS 


CONICAL MILLS 


TUBE & CYLINDRICAL MILLS TRICONE MILLS 


Write for Bulletin AH-440-40 


HARDINGE 


-COMPANY, INCORPORATED 


YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 


NEW YORK 17 @ SAN FRANCISCO Il @ CHICAGO 6 @ HIBBING, MINN. @ TORONTO 1 
122 E. 42nd St. 24 California St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 


HOT COLD 


WE HAVE THE ANSWER! 


For your Heat Ex- 
changers and Chemical 
Process Equipment— 
look to the organization 
that has the engineering 
know-how to design 
them correctly and the 
plant facilities to build 
them well. More than a 
quarter of a century's 
experience is behind 
every Paracoil Heat 
Exchanger. We solicit 
your inquiries. 


@ A battery of inter ond after CO2 coolers for 
dry ice manufacturing process . . . for Publicker 
Industries, Philadelphia, Pa. 


DAVIS ENGINEERING 


CORPORATION 
1058 E. Grand St., Elizabeth 4, N. J. © 30 Rockefeller Plaza, New York 20, W. Y. 
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(Continued from page 61) 
_ISOTOPE CONTROLS 
CARBON DEPOSITION 


A beta ray source and detector are 
now being used to control the amount 


| of carbon applied on carbon paper in the 


plant of the Standard Register Co., 
Dayton, Ohio. The device was installed, 
company officials said, to solve the 


| problem of maintaining absolute quality 
| of the miles of carbon paper produced 


| 
| 
| 


annually. 


A carbon department supervisor points 
out features of the operation. 


Basically the beta gauge manufac- 
tured by the Industrial Nucleonics Corp. 
works as follows: On an arm located 
beneath the paper being carbon-coated, 
is a source box containing a capsule of 
Strontium-90. The Strontium, a by- 


| product of the nuclear piles at Oak 


Ridge, constantly emits a stream of beta 
electrons upward through the material. 
On the gauge arm extending above the 
paper is a detector which picks up the 
beta electrons that penetrate the paper. 

The more carbon that is added, the 
fewer electrons penetrate the sheet. 
These variations in thickness are trans- 
mitted to a recorder chart and enable 
the operator to see at a glance how much 
carbon is being applied at the moment 
the tissue comes out of the coater. This 
recording chart is calibrated to read in 
pounds of coating per ream. 

The amount of coating, therefore, can 
be held to specifications. The detector 
unit moves back and forth across the 


| web during the operation of the machine 


and measurements can be taken across 


| the web of paper. 


Present plans are being made to use 
the device as a sensing element in an 
automatic control system that will me- 
chanically make adjustments to the 
coater. 
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TO DEDICATE CHEM. ENG. 
WING AT DELAWARE UNIV. 


Plans have been completed for a one- | 
day program, Oct. 18, 1952, marking the | 


formal dedication of the chemical engi- 
neering addition to H. Fletcher Brown 
Laboratory at the University of Dela- 
ware, Newark. 

The dedication ceremonies will begin 
at 10:00 A.M. in Mitchell Hall. Follow- 
ing a welcome by Dr. John A. Perkins, 
president of the university, a history of 
chemical engineering at Delaware will 
be given by Dr. R. L. Pigford, chairman 
of the chemical engineering depart- 
ment. 


A feature of the morning program | 


will be greetings from the president of 
the American Institute of Chemical 


Engineers, William I. Burt, from W. | 


E. Chalfant, the chairman of the Phila- 
delphia-Wilmington Section of the 


American Institute of Chemical Engi- | 


neers, and others. 

The morning session will be high- 
lighted by the presentation of Certifi- 
cates of Professional Achievement to 
University of Delaware alumni in chem- 


ical engineering and chemistry who have | 


contributed to the country’s professional 
progress. 

The afternoon scientific conference 
devoted to the subject of chemical re- 
action kinetics will be held at 1:30 P.M. 


in the H. Fletcher Brown Laboratory | 


auditorium. Dr. Farrington Daniels, 
professor of physical chemistry and 


chairman of the department of chem- | 


istry, University of Wisconsin, and 


president-elect, American Chemical So- | 


ciety, will speak on “Kinetics of Nitro- 
gen Oxides.” Dr. Richard H. Wilhelm, 
professor of chemical engineering, 
Princeton University, will discuss 
“Mechanisms of Mixing in Fixed and 
Fluidized Beds.” These addresses will 
be followed by discussion of research-in- 
progress at research sites by the staffs 
of chemical engineering and chemistry, 
and a tour of the laboratory. 


PLASTICS RESEARCH ON 
BALLOONS AT IOWA STATE 


The Aeronautical Research Labora- 
tory of General Mills, Inc., is currently 
sponsoring at the State University of 
lowa a college of engineering research 
project on the development of plastic 
materials for the construction of high- 
altitude balloons. The work at the uni- 
versity is being carried on by three 
university students of the chemical engi- 
neering division under the direct super- 
vision of Karl Kammermeyer, professor 
of chemical engineering and the cooper- 
ation of J. O. Osburn, of the chemical 
engineering staff. 
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more Coats, or more: Thickness ? 


Practical Pennsalt System 
Proved in Plant Usage 
with PENNPAINTS 


The above photo of acid storage tanks clearly illustrates the 
difference between good and poor paint maintenance programs. 
Taken at Pennsalt’s Wyandotte, Mich., plant, it shows part of 
the results of a 3-year study of painting programs. The method 
was developed by actual painting crews and plant engineers 
...is not just a theoretical laboratory test. 


Now Pennsalt can offer you a painting system which your own 
maintenance painting crew can use ...a system which pro- 
duces greater thickness of coats, with fewer number of coats. 
This system—using Pennsalt’s own Pennpaints— was tested 
in actual plant use, against 62 other common paint systems. 


Thicker coats, and fewer of them, not only proved more 
efficient, but also more economical in the long run. And when 
you realize that industry pays an annual maintenance bill of 
$2 billion for painting alone, this new Pennsalt program begins 
to look pretty important, doesn’t it? 


Of course, the subject is too complex to be discussed in detail 
here. But a word from you will bring complete data to you on 
the run. Write: Corrosion Engineering Products Department, 
Pennsylvania Salt Manufacturing Co., Philadelphia 7, Pa. 


Chemicals 


Progressive Chemistry for over a Century 


Chemical Engineering Progress 


bes 
3 v Left Tonk: 10-mil thickness of protective coating Vv Right Tank 3.mil thickness of some system failing 
ay after 3 years’ service. ofter 2 years. 
j 
For Your Maintenance Painting: & 
. 
| 
| 
| 
| 
| 
| 
| 
| 
| 
on 


TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


The lowest cost raw ma- 
terial for the production 
of all Molybdenum 
compounds, including 
Molybdenum Orange, 
Molybdenum Vermilion, 
and Molybdated pigment 


colors. 


Our development department 


will gladly take up with you any 


problems involving the applica. 


tion of Molybdenum. 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 


Chairman of the AI.Ch.E. Program Committee 


Walter E. Lobo, The M. W. Kellogg Co., 225 Broadway, New York 7, N. Y. 


MEETINGS 


Annual — Cleveland, Ohio, Hotel 
Cleveland and Carter Hotel, Dec 
7-10, 1952. 

Technical Program Chairman: R. L 
Savage, Dept. of Chem. Eng., Case 
Inst. of Tech., Cleveland 6, Ohio. 


Biloxi, Miss., Buena Vista Hotel, 
Mar. 8-11, 1953. 

Technical Program Chairman: Nor- 
man A. Spector, Vitro Corp., 233 
Broadway, New York 7, N. Y. 


Toronto, Canada, Royal-York Hotel, 
April 26-29, 1953. 

Technical Program Chairman: Bry- 
mer Williams, Dept. of Chem. and 
Met. Eng., University of Michi- 
gan, Ann Arbor, Mich. 


San Francisco, Calif., Fairmont and 
Mark Hopkins Hotels, Sept. 13-16, 
1953. 

Technical Program Chairman: R. 
W. Moulton, Head, Dept. of Chem. 
Eng., University of Washington, 
Seattle, Wash. 


Annual—St. Louis, Mo., Hotel Jef- 
ferson, Dec. 13-16, 1953. 

Technical Program Chairman: R. M. 
Lawrence, Monsanto Chem. Co., 
St. Louis 4, Mo. 


SYMPOSIA 


Applied Thermodynamics 

Chairman: W. C. Edmister, Cali- 
fornia Research Corp., Richmond, 
Calif. 

Meeting—Cleveland, Ohio 


Human Relations 

Chairman: R. L. Demmerle, General 
Aniline & Film Corp., 230 Park 
Ave., New York, N. Y. 

Meeting—Cleveland, Ohio. 


Modern Statistical Methods in 
Chemical Engineering 

Chairman: C. Daniel, Engineering 
Statistician, 116 Pinehurst Ave., 
New York 33, N. Y. 

Meeting—Cleveland, Ohio. 


Filtration 

Chairman: F. M. Tiller, Dir. Div. 
of Eng., Lamar State College of 
Technology, Beaumont, Tex. 

Meeting—Cleveland, Ohio 


High Pressure 

Chairman: E. W. Comings, Head, 
School of Chem. & Met. Eng. 
Purdue University, Lafayette, Ind. 

Meeting—Cleveland, Ohio. 


Mineral Engineering Techniques 
for Chemical Engineers 
Chairman: N. Morash, Titanium 
Div., National Lead Co., P. O. 
Box 58, South Amboy, N. J. 
Co-Chairmen: T. S. Leary, Calco 
Chem. Div., Bound Brook, N. J., 
and D. W. Oakley, Metal & Ther- 
mit Corp., Carteret, N. J. 
Meeting—Biloxi, Miss. 


Ion Exchange 

Chairman: N. R. Amundson, Dept. 
of Chem. Eng., Univ. of Minne- 
sota, Minneapolis 14, Minn. 

Meeting—San Francisco, Calif. 

Mixing 

Chairman: J. H. Rushton, Dept. of 
Chem. Eng., Illinois Inst. of Tech., 
Chicago, Ill 

Meeting—San Francisco, Calif. 

Dust and Mist Collection 

Chairman: C. E. Lapple, Dept. of 
Chem. Eng., Ohio State Univer- 
sity, Columbus 10, Ohio. 

Chemical Engineering in Hydro- 
metallurgy 

Chairman: John D. Sullivan, Battelle 
Memorial Institute, Columbus, 
Ohio. 

Co-Chairman: John Clegg, Battelle 
ee Institute, Columbus, 

io. 


Fluid Mechanics 

Chairman: R. W. Moulton, Head, 
Dept. of Chem. Eng., University of 
Washington, Seattle, Wash. 


Absorption 

Chairman: R. L. Pigford, Div. of 
Chem. Eng., Univ. of Delaware, 
Newark, Del. 


A 
iy be psd = Authors wishing to present papers at a scheduled meeting of the A.I.Ch.E. should first 
* query the Chairman of the A.I.Ch.E. Program Committee, Walter E. Lobo, with a carbon 
copy of the letter to the Technical Progrem Chairman of the meeting at which the author 
: hax wishes to present the paper. Another carbon should go to the Editor, F. J. Van Antwerpen, 
120 East 41st Street, New York 17, N. Y. If the paper is suitable for a symposium, a 
carbon of the letter should go to the Chairman of the Symposia, instead of the Chairman 
of the Technical Program, since symposia are not scheduled for any meeting until they are 
complete and approved by the national Program Committee. Before authors begin their 
manuscripts they should obtain from the meeting Chairman a copy of the Guide to Authors, 
and a copy of the Guide to Speakers. The first book covers the preparation of manuscripts, 
and the second covers the proper presentation of papers at A.I.Ch.E. meetings. Presenta- 
tions of papers are judged at every meeting and an award is made to the speaker who 
delivers his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his local 


Company 


=i ° a section. Since five copies of the manuscript must be prepared, one should be sent to 
ie venue | the Chairman of the symposium and one to the Technical Program Chairman of the 


meeting, or two to the Technical Program Chairman if no symposium is involved and the 
other three copies should be sent to the Editor's office. Manuscripts not received 70 days 
before a meeting cannot be consid 
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LOCAL SECTION 


CALENDAR OF MEETINGS 


Below is a partial list of scheduled 
meeting dates of local sections. All In- 
stitute members when in the vicinity are 
cordially invited to attend. Supplemen- 
tal Lists will be published as fast as the 
information is received in the Secre- 
tary’s office. 


Baton Rouge. No definite schedule avail- 
able. 

Contact: R. W. Krebs, 1272 Alfred St., 
Baton Rouge, La. J. M. Gil', 4434 Arrow- 
head St., Baton Rouge. 


Central Virginia. Nov. 14. No meet- 
ings will be held during the months of 
December, January or February. 

Contact: O. L. Updike, University of 
Virginia, Charlottesville, Va. G. C. Gross, 
Du Pont Co., Waynesboro, Va. S. O'Don- 
nell, Merck and Co., Elkton, Va. C. W. 
Sieber, Calco Chemical Div., American 
Cyanamid Co., Piney River (Nelson 
County), Va. 


Columbia Valley (Richland, Wash). 
Oct. 24, Nov. 20, 1952. 

Contact: H. E. Hanthorn, 1107 Perkins 
Ave., Richland, Wash. Phones: Office, 
8-3301; home, 4-7707. E. R. Irish, 1103 
Williams, Richland. Phones: Office, A- 
7431; home, 7-9783. 


Kansas City. Nov. 29. 

Contact: H. H. Young, Midwest Re- 
search Institute, 4049 Pennsylvania, Kansas 
City, Mo. Phone: LO. 0203. Ben Olson, 
Standard Oil Co. Sugar Creek, Mo. 
Phone: CL. 4800. 


New York. Oct. 21, Nov. 19, Dec. 16, 
Jan. 21, 1953, Feb. 17, March 19, April 22, 
May 19 and June 18. 

Contact: F. B. White, Foster Wheeler 
Corp., 165 Broadway, New York 6, N. Y. 


Ohio Valley (Cincinnati, Ohio). Nov. 
3, Dec. 1, Jan. 21, 1953, Feb. 2, March 6, 
April 24, May 4, and June 1. 

Contact: A. C. Greber, T. B. Wiehe, A. 
B. Davidson, Schenley, Distillers, Inc., 26 
East 6th St., Cincinnati 2, Ohio. Phone: 
Main 3170. 


Philadelphia - Wilmington. Oct. 21, 
Nov. 13, Nov. 18, Jan. 13, 1953, Jan. 20, 
Feb. 10, Feb. 17, March 10, March 17 and 
April 14. 

Contact: W. E. Chalfant, The Atlantic 
Refining Co., Philadelphia, Pa. Phone 
Howard 5-2345. R. A. Kinckiner, Du Pont 
Co., Wilmington, Del. Phone: Wilmington 
4-5121. N. H. Walton, The Atlantic Re- 
fining Co., Philadelphia. Phone: Howard 
5-2345. 


Rochester. Nov. 19, Jan. 21, 1953, Feb 
18, March 18, April 15 and May 20. 

Contact: Irving Siller, Pfaudler Co., 
Rochester, N. Y. Phone: Genesee 8120. 


St. Louis. Oct. 21, Nov. 18, Dec. 16, 
Jan. 20, 1953, Feb. 17, March 17, April 21 
and May 19. 

Contact: C. P. Orr, Monsanto Chemical 
Co., 1700 South Second St, St. Louis 4, 
Mo. D. E. Morris, Organic Div., Mallinc- 
krodt Chemical Works, 3600 North Second 
St., St. Louis 7. D. F. Chamberlain, chem 
eng. dept., Washington University, St 
Louis 5. 


(Continued on page 66) 
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INFRARED 


PROVIDES ACCURATE AUTOMATIC 


END POINT 
ANALYSIS... 


Acrylonitrile 
ACETYLENE ——}|| 


| Vinyl Chloride 


Ethylene Glycol 
ETHYLENE ———|| Oxide 


Dichloride 


gt 
ESS 


ONTROLS 
PLANT STREAM 
ANALYZER 


& The decisive factor in the 
economic success of a proc- 
ess is product quality and 
yield. 

End-point analysis for con- 
centration variations is a re- 
liable index of product 
quality and yield. 
Through end-point control, 
the results of such analyses 
can be used to provide auto- 
matic and continuous cor- 
rection of the process 
variables. 
For these reasons, end-point analysis and its control application 
have become of major significance to the process engineer. 
The PROCESS CONTROLS Plant Stream Analyzer is specifically 
engineered for end-point analysis and control applications. 


WRITE TODAY FOR BULLETIN 36 


PROCESS CONTROLS 


4 a division of Baird Associates, 
33 UNIVERSITY ROAD CAMBRIDGE 38, MASSA 
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HUMIDITY 


Within 1° WET BULB 


lf controlled air conditions are necessary for some impor- 
tant testing and research, here is a cabiret that provides 
6 cubic feet of controlled air in constant circulation. 
Within the range of 40° F. to 140° F., this cabinet will 
maintain both dry and wet bulb temperatures within I° F. 
Heating and cooling. humidifying and drying, are all 
controlled automatically and uniform conditions are 
maintained as long as the unit is in operation. Outside 
indicators reveal the conditions inside the box at all times. 


AIRE-REGULATOR 


Constant Temperature and Humidity Cabinets are now 
in use by prominent laboratories in many lines for testing 
and research. Among the users are food manufacturers 
of all kinds producing bakery products, flour, packaged 
mixes, cheese, yeast. beer, candy and meat products; 
others are manufacturers of pharmaceuticals, photo 
graphic supplies, paints and varnishes, chemicals, insulat 
ing materials, instruments, box board, paper tape and 
crude oil products. Wherever there is a need for check 
ing the action of temperatures and humidity there is a 
need for an Aire-Regulator. Write for bulletins and tell 
us your requirements 


FOOD TECHNOLOGY INC. 


Mew MICRO-FLEX PUN PS 


PATENT APPLIED FOR 


OFFERS THESE 
IMPORTANT ADVANTAGES 


AMINCO 
SUPERPRESSURE 
PRODUCTS 


REACTION VESSELS 
VALVES © FITTINGS 
TUBING * PUMPS 
COMPRESSORS 
INSTRUMENTS 
DEAD-WEIGHT GAGES 
PILOT PLANTS 


SINCE 1919 


All liquid in the cylinder is displaced ot every stroke. 


Variable delivery—stroke readily ye while pump 
is running. Locking nut stroke 


Stroke adjustment indicating scale is stationary and 
legible while pump is running. 


Stainless steel piston and cylinder assemblies for 7500, 
15,000, and 30,000 psi working pressures are inter- 
changeable in the same pump frame. Simplex and 
duplex styles. 


Piston reciprocated by positive mechanical linkage to 
crank arm—does not rely on return spring 


Check valves removed easily for cleaning or replace- 
ment. 
WRITE FOR BULLETIN 4061-E 


AMERICAN INSTRUMENT CO.,INC. 


Silver Spring, Maryland » In Metropolitan Washington, D. C: 


CALENDAR OF MEETINGS 
(Continued from page 65) 


South Texas (Houston). Oct. 24, and 
the third Friday of the succeeding months. 


Contact: W. 8B. Franklin, Humble Oil & 
Refining Co., Tex. C. L. Dick- 
inson, Kolker Chemical Works, Inc., P.O. 
Box 9637, Houston 15, Tex. 


Twin City (Minneapolis-St. Paul). 
Meetings are held on the third Wednesday 
of every month, alternating between Min- 
neapolis and St. Paul 


Contact: R. H. Fredrickson, Minneapolis 
Mining & Mfg. Co., 900 Fauquier Ave., 
St. Paul 6, Minn 


NORTHEASTERN NEW YORK 
CHEMICAL ENGINEERS 


The first meeting of the club was held 
in Schenectady, N. Y., Sept. 9, 
Thirty-one persons present heard a talk 
by C. F. Palmer, of the Behr-Manning 
Corp., on the topic “A Two-Bit Tour of 
the U. S. Patent Law.” Mr. Palmer, 
a patent attorney, has spent the past ten 
years in patent practice. 

A committee has been formed to 
schedule and to provide men from in- 
dustry for talks to the Rensselaer Poly- 
technic Institute chemical engineering 
seniors as a part of the spring 1953 
curricula. 


Reported by R. EF. Larson 


SOUTHERN CALIFORNIA 


The August meeting was held at the 
Midland Rubber Corp. plant with 123 
members and guests present. The speak- 
er for the evening, John Whaley, tech- 
nical superintendent of the Midland 
Rubber Corp., discussed briefly the 
process for the manufacture of GR-S 
synthetic rubber and outlined the prob- 
lems which were encountered in devel- 
oping the cold rubber process. In addi- 
tion he described the new processes of 
manufacturing oil-extended rubbers and 
carbon black master batch. Following 
the discussions, the members were con- 
ducted through the plant. 

At the next meeting, “What A Re- 
search Institute Means to the West” 
will be discussed by F. S. Sawyer, assis- 
tant to the director of research at 
Stanford Research Institute. 


Reported by Gale S. Peterson 


ST. LOUIS 


The first meeting of the season was 
held Sept. 16, 1952, at the Anheuser- 
Busch brewery in St. Louis. Seventy- 
three members and guests were present. 


Reported by R. G. Kerlin 


October, 1952 
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ATLANTA 


The first meeting of this Section since 
its authorization as a local section was 
held Sept. 11. Forty members and guests 
heard Roy W. Sudhoff, associate direc- 
tor of development for the newly organ- 
ized Chemstrand Corp., speak on the 
uses and preparation of synthetic fibers. 
Reported by Robert C. Barrett 


NEW YORK 
L. C. Kemp will give an address Nov. 
19, 1952, at 6 P.M., at the Brass Rail, 
521 Fifth Avenue. His subject is Eco- 
nomics of Coal Hydrogenation for Syn- | 
thetic Fuel. 
Mr. Kemp is director of research, 
technical and research division, The | 
Texas Co., New York. | 
Reported by Richard F. Shaffer 


SECRETARY’S REPORT 
(Continued from page 59) 


The chairman of the Local Sections 
Committee recommended the approval 
of the application for a local section to 
be known as the Northeastern New 
York Section with headquarters at 
Schenectady, N. Y.; his recommenda- 
tion was received and approved. 

The next meeting of the Council will 
be held Nov. 14 at The Chemists’ Club, 
New York City. 


SINCLAIR SPONSORS 
NEW FELLOWSHIPS 


Sinclair Refining Company has estab- 
lished seven new fellowships for stud- 
ents working for their master’s or doc- 
tor’s degrees, P. C. Spencer. President, 
announced recently. 

The new fellowships, which become 
effective in September at the Univer- 
sities of Michigan, Nebraska, Wiscon- 
sin, Wyoming, Illinois Institute of Tech- 
nology, Pennsylvania State College, and 
Washington University (St. Louis), 
are in addition to six previously estab- 
lished at the Universities of Chicago, 
Illinois, Notre Dame, Oklahoma, Colo- 
rado School of Mines and Northwestern 
University. All of the previously estab- 
lished fellowships, the first of which was 
inaugurated in 1946, are being renewed 
for 1952-53. 

Each fellowship is in the amount of 
$2500 of which $1500 will be sti- 
pend for the student and $1000 for 
tuition, laboratory fees, etc. 

With the seven new awards, Sinclair 
Refining Company now sponsors two 
fellowships in geology, two in geo- 
physics, four in organic chemistry, two 
in petroleum production engineering, 
one in chemical engineering, one in 
physical chemistry and one in catalytic | 
research. | 
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When tower efficiency 
must be increased, 


Berl Saddles 
belong in the picture! 


in present or new equipment, that’s when Berl Saddles enter the picture. 


When the problem is how to increase tower efficiency 


Berl Saddles are a more efficient tower packing than 
raschig rings, spiral rings or partition rings. They offer 
greater surface area, lower resistance to gas flow, lower 
pressure drop, higher flow capacities, greater free space 
and better internal distribution. They are entirely acid 
proof, have a high crushing strength and will not spall. 


Berl Saddles are available in both Knight-Ware Chemical Stoneware and 
porcelain. Both are dense but unglazed to provide better wetting. When 
desired porous packing can be made of either material. 


Berl Saddles are available in sizes: 44”, ¥2”, 34”, 1”, 1¥a”, 2”. 


Write for data sheet No. 13F, Knight-Ware Tower Packings. 


ht 710 Kelly Ave., Akron 6, Ohio 
Acid and Alkali-proof Chemical Equipment 
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REASON: 


AIR LIFT DRIER 


no burning! no smoke! no odors! 


AIR LIFT DRIER offers a new and 
revolutionary method capable of 
great flexibility to cover load and 
material variations. Wider adapta- 
bility is possible when unit is de- 
signed for a specific product. 

An increased yield of product is 
attained with the air suspension unit 
—actual tests with identical material 
showing 8% to 10% recovery in 
excess of that from direct fire, high 
temperature methods. 

Made in 5 stock sizes: 2'2—5—10— ; 
15—20 tons per hour, wet basis. : 

ONE MOTOR—ONE MOVING PART. On request will advise you of nearest 
AIR LIFT DRIER design permits adapt- P & L equipment installation and arrange 
ability to meet existing space re- for your inspection. 

quirements. 


Wherever used declared “The Best in the Business” 


New York, Seattle, Baltimore, San Franciso 
Export: Wilbur Ellis Company, San Francisco 


DESIGNERS AND MANUFACTURERS OF DEHYDRATING EQUIPMENT 


TESTING and SMALL SCALE 
REDUCTION Precisely controlled 


with AMERICA 


Laboratory 
CRUSHERS 


For experimental laboratories, 
pilot plants and exacting small 
operations, rugged American 
Laboratory Crushers assure 
controlled, more uniform re- 
duction of both fibrous and 
friable materials—soft or hard. 


Reduce: 
BY-PRODUCTS 
CHEMICALS 
CLAYS, COLORS 
FOODS, MINERALS 


ondm the feri 
Send sateen om Custom-built with rolling ring or hammer 


materials for test reduc- type rotors to handle your specific reduc- 
tions. No jin tion job with greatest possible efficiency. 
Send ples to our Laboratory for testing. 


PULVERIZER COMPANY 
and Manufacturers % 1215 Macklind Ave., 


Ring Crushers and St. Louis 10, Mo. 
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PEOPLE 


Kenneth M. Watson has recently 
joined The Pure Oil Co., Chicago, IIL. 
as director of re- 
search. Prior to 
this association Dr. 
Watson operated a 
consulting service 
for the past two 
years. Now he 
will be located in 
the company’s re- 
search and develop- 
ment laboratories 
in Crystal Lake, 
Il. 

After receiving his B.S. and. M.S. 
degrees at Wisconsin, he joined the 
Hawthorne Works of Western Electric 
Co. as an assistant in engineering de- 
velopment. In 1926 he returned to the 
chemical engineering staff at the Uni- 
versity of Wisconsin where he received 
his doctorate in chemical engineering in 
1929. Two years later he joined the staff 
of the Riverside laboratories of Univer- 
sal Oil Products, and later was ap- 
pointed director of engineering research. 
From 1942 to 1950 Dr. Watson was 
research professor of chemical engineer- 
ing in the Graduate School of the Uni- 


| versity of Wisconsin: He was also a 
| consultant to the War Production 
| Board, Office of Rubber Reserve, and 


was technical adviser to the President's 
interagency committee in 1945. 
Dr. Watson, in 1948, received the 


| William H. Walker Award of A.L-Ch.E 


C. C. Furnas, director of the Cornell 
Aeronautical Laboratory, Inc., Buffalo, 


| N. Y., was recently appointed chairman 
of the Guided Missiles Committee for 


the Research and Development Board, 


| Department of Defense. 


Karl Kammermeyer spent the sum- 


| mer as a consultant with the Sandia 
| Corp, Sandia 


Base, Albuquerque, 
N. M., where he 
worked in the weap- 
ons effect depart- 


| ment. Dr. Kammer- 


meyer is head of 


| the division of 


chemical engineer- 
ing and professor 
of chemical engi- 


| neering at the State 


University of lowa. He has been asso- 


| ciated with the Standard Oil Company 


of Indiana; Pure Oil Co.; the Drexel 
Institute, as teacher of chemical engi- 
neering, and with the Publicker Indus- 
tries. He received his early education 


| abroad and took a D.Sc. degree in chem- 
| ical engineering from the University of 


Michigan. 
(More About People on page 70) 
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BETTER pisTRIBUTION... 


obtained with uniform heat distribution and 

it’s the uniform heat distribution 

characteristic, inherent in the design of 
More than 1000 are in operation throughout Petro-Chem ts0-Flow Furnaces that permits 
the world in the petroleum, chemical and optimum operating efficiency of gas 
allied industries . . . for all processes and cracking units . .. maximum production 
for any duty, pressuré, temperature and of catalytic cracking feed stocks . . . 
efficiency . . . and all Petro-Chem Iso-Flow maximum yields of overhead products 
Furnaces are pre-eminently satisfactory. 


PETRO-CHEM DEVELOPMENT CO., 
122 EAST 42ND STREET, NEW YORK 17, JN. Y 
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NICHOLSON TRAPS 


SAVE 4580 LBS. OF 


STEAM Per CYCLE 


A large user of steam on the west 
coast reports that substitution of Nich- 
olson traps for a mechanical type ef- 
fected a cyclic saving per dryer of 550 
gallons of conden- 
sate, or 4580 Ibs. of 
steam. See why lead- 
ing plants are in- 
creasingly adopting 
Nicholsons for the 
higher and more even 
temperatures which 
result from their ad- 


5 TYPES FOR EVERY APPLICATION, process, 
heat, power. Sizes '/4" to 2"; press. to 250 Ibs. 


214 Oregon St., Wilkes-Barre, Pa. 


vanced features: operate on lowest 

temperature differential; 2 to 6 times 

average drainage capacity; maximum 
air venting. 

BULLETIN 

152 


Type AU 


NICHOLSON 


TRAPS - VALVES - FLOATS 


FRUSTROSITY* CASE No. 74: 


Mr. Stuckinlab is really bogged down. 
If he had a 1952 Brookfield Viscometer 
at hand, he would know all the viscosity 
answers — could make determinations 
directly in centipoises in a matter of 
seconds in lab, plant, or both. Whether 
the materials you work with are New- 
tonian or non-Newtonian, you owe it 
to your wife, customers and co-workers 
to get up-to-date information on Brook- 
field Viscometers adaptable to any prob- 
lem from less than one to 32,000,000 
centipoises. Ask your Lab Supply House 
or drop a line to Dept. H, Brookfield 
Engineering Laboratories, Inc., Stough- 
ton, Mass. 

*FRUSTROSITY is that frustrated con- 
ix dition a man gets into when his problem 


is Viscosity ermination or Control 
and he hasn't asked BROOKFIELD. 


Ye. 


Page 70 


Ideal for measurement of 
level, pressure, specific 
gravity and differential 
pressure. 
Materials available: 

steel, bronze, stainless, Haveg, 

Hastelloy and Monel. 
Non-overloading type diaphragm. 
Extreme accuracy. For high or low 

re. 

Write for Illustrated Bulletin 


INSTRUMENTS, INC. 


122 N. Madison Tulsa 6, Okla. 
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| special assignment at 


| originally 


PEOPLE 


(Continued from page 68) 


F. Drake Parker has been appointed 
manager of the reorganized Tulsa, 
a Okla., office of the 

chemical plants di- 
, vision of Blaw- 
Knox Co. It will be 
a complete operat- 
ing unit to be 
known as the West- 
ern headquarters. A 
chemical engineer- 
ing graduate of the 
University of Mich- 
igan, Mr. Parker 
goes to Blaw-Knox from the Badger 
process division of Stone & Webster 
Engineering Corp. where he has been 
chief process engineer. Earlier in his 
career, Mr. Parker served as Western 
representative of the Houdry Process 
Corp.; chief process engineer of the 
Bechtel Corp.; and research supervisor 
of the Union Oil Co. of California. 

The Western headquarters has been 
temporarily under the management of 
C. F. Hauck, sales promotion manager 
ef chemical plants division. 


Jackson D. Leonard, a chemical en- 
gineer from Metuchen, N. J., has 
joined R. S. Aries & Associates, Con- 
sulting Engineers & Economists, as a 
senior associate. Mr. Leonard has had 
fifteen years of varied chemical plant 
experience in the fields of supervision, 
engineering, construction, maintenance 
and development. His early industrial 
years were spent with General Chemical 
Co, and later at a number of plant loca- 
tions with Du Pont and with Merck & 
Co. He has specialized in cost reduction 
programs. 


Erwin G. Hernreid, chemical engi- 
neer with Shell Development Co., is on 
Shell Oil Co.'s 
Houston refinery where he will spend 


| about a year studying operating problems 


with the technology and engineering 


| departments. 


Vincent W. Uhl was recently named 
manager of the process equipment divi- 


| sion of Bethlehem 


Foundry and Ma- 
chine Co. Dr. Uhl 
joined 
Bethlehem in 1946. 
He held an instruc- 
tor’s fellowship at 
Lehigh University 
from 1947 to 1951, 


receiving his Ph.D. 


degree from this 

institution this year. 

He was at one time affiliated with the 
Sun Oil Co. and the Downingtown Iron 
Works. 


October, 1952 
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EXACTING 
TECHNICAL APPLICATIONS 


VITREOSIL* (vitreous sil- 
ica) tubing possesses 
many characteristics you 
seek. A few of its proper- 
ties are: Chemical and 
catalytic inertness. Use- 
fulness up to 1000°C and 
under extreme thermal 
shock. Homogeneity and 
freedom from metallic 
impurities. Unusual elec- 
trical resistivity. Best 
ultra-violet transmission 
(in transtaission quality). 
VITREOSIL tubing avail- 
able promptly from 
stock in four qualities. 


TRANSPARENT 
SAND SURFACE 
GLAZED 

SATIN SURFACE 


Stock sizes transparent up to 
32 mm. bore, opaque to 
41,” bore. Aveilable for 
prompt shipment. Lorger 
diameters con be supplied 
on special order. 

Can be had in all 
normal lengths. 


Send for Bulle- 
tin No. 9 for 


THE THERMAL SYNDICATE, LTD. 
14 BIXLEY HEATH 


LYNBROOK, N. Y. 
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Ralph W. Berger has joined the stati 
of chemical plants division of Blaw- 
Knox Co., assigned 
to the Midwest 
branch as a sales 
engineer. Mr. Ber- 
ger will devote his 
time to sales and 
new project devel- 
opment in the fatty 


| acid and glycerine 


fields and to spe- 
cialized engineering 
on foreign business 
in the fats and oils industry. 

Mr. Berger is a chemical engineering 
graduate of the University of Illinois 
and has had many years’ experience in 


development and project work in the 
| chemical process industries. For the 


past five years he has been in charge of 
fatty acid projects for a large Mid 
western engineering-consulting firm 


Robert M. Cornforth has joined the 
W. M. Barnes Co., of Los Angeles, 
engineers and constructors to the pe 
troleum and chemical industries, as vice- 
president in charge of sales. Formerly 
he was manager of sales of Houdry 
Process Corp., Philade'phia. Mr. Corn 
forth, who holds a B.S. degree from 
the University of Tennessee. an M.S 
from M.I.T., and an M.B.A 
from Northwestern University, entered 
the petroleum industry in 1937 as a 
chemical engineer with Standard Oil 
Company of Indiana. During World 
War II, he was assigned by the U. S. 
Army Corps of Engineers to the Pe- 
troleum Administration for War. 


V. E. Wellman has been appointed. 
effective Jan. 1, assistant manager of 
the intermediate and rubber chemicals 
department, Calco chemical division of 
the American Cyanamid Co. Dr. Well- 
man received his A.B. degree from 
Phillips University, Enid, Okla., in 1914 
and his M.S. (1927) and Ph.D. (1929) 
from the University of Washington, the 
latter under a Du Pont fellowship. He 
was associated with B. F. Goodrich Co. 


for fifteen years, first as a research , 


chemist, and subsequently as director of 
purchases, chemicals division and later 
with R. W. Greeff Co. as assistant sales 
manager, solvents department. He joined 


Calco in 1945 and since 1951 has been 


director of process engineering 


Erwin M. Koeritz is now associated 
with the chemical division of General 
Electric Co., Waterford, N. Y., engaged 
in process development work on sili- 
cones and silicone intermediates. Prior 


| to his receiving a Ph.D. in chemical en- 


gineering from Georgia Tech in June, 


| 1952, he was employed by Columbia- | 
| Southern 


Chemical Co. Barberton, 


Ohio. 


Chemical Engineering Progress 


degree | 


JOHNSON 


Right Angle 


GEAR DRIVE 


Low Operating Cost 
with High Efficiency 


The Johnson Right Angle Gear 
Drive has a wide application in 
general industry as a ‘‘connect- 
ing unit’ between turbine or cen- 
trifugal pumps and power units— 
also as an economy and produc- 
tion factor between power units 
and varied types of processing 
equipment. 


Vertical or horizontal prime mov- 
ers can be used with equal suc- 
cess in many applications. The 
advanced design of the Joh 
Drive meets the exacting require- 
ment of exposed operation . . . 
assures maximum service and 
safety with utmost economy and 
dependability . . . either for 
standby, emergency or continu- 
ous 24 hour service . . . ideal for 
fire protection. 


Installations include gasoline, 
natural gas, steam, diesel and 
electric motive power. The John- 
son Right Angle Gear Drive is 
manufactured in a wide range of 
types, sizes and ratios . . . adapt- 
able for a dual, multiple or com- 
bination operation. Thousands in 
use throughout the world. Cata- 
log and full engineering data on 
request. 


JOHNSON GEAR & MANUFACTURING CO. 


8th & Porker Streets. Berkeley 10, Collf. 
Please send Cotolog ond Engineering Dote 
Firm 

City. 
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FOR PROFITABLE OPERATION 


“SHRI VER LOWEST por 


Filter Presses 


Whether it’s adhesives or amines, electrolytes 
or emulsions, casein or colors, mercaptans 
or mucilage, resins or rosin, or hundreds of 
other process materials that need improvement 
through filtration—the Shriver Filter Press can 
do the job better, at lower over-all cost. It's 
more versatile, more economical—a profitable @ ANY CAPACITY, for any 
investment in every way. Write for new Cata- temperature any pres- 
log No. 52. sure up to 1000 p.s.i. 
e Made of bee metal, wood, 
rubber, stic for use 


Corner feed, washing 
type, steam heated, stain- 
less steel filter press. 


Harrison, N. J. 


NOZZLES 


for NOZZLE CATALOG to 


SPRAY ENGINEERING 


“132 CEN STREET + SOMERVILLE 45, MASS. 
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Christian V. Holland has been named 
director of chemical research of the 
Spencer Chemical 

Co., Kansas City, 

Mo. Until he ac- 

cepted this assign- 

ment, Dr. Holland 

was coordinator of 

manufacturing fa- 

cilities for Sterling 

Drug, Inc. He will 

make his headquar- 

ters at Pittsburg, 

Kans., Spencer's 


| general operating headquarters. 


Dr. Holland’s academic degrees in- 
clude the Ch.E. from the University of 
Virginia, Ph.D. from Johns Hopkins 


| University, and M.S. from the Massa- 
| chusetts Institute of Technology. 


As an industrial chemist, Dr. Hol- 
land’s career has embraced service with 
Arthur D. Little, Inc., Virginia-Caro- 
lina Chemical Corp., Freeport Sulphur 


| Co., Merck & Co. and Sterling Drug, 


Inc. At Merck, where he held execu- 
tive posts from 1935 to 1947, Dr. 
Holland was assistant director of re- 
search and development. 

During the war, on leave from Merck, 
Dr. Holland was a member of the 
United States Strategic Bombing Sur- 
vey. From September, 1951, until 
March, 1952, on leave from Sterling, 
Dr. Holland served as deputy chief of 
the Drugs, Alcohol and Solvents Branch 
of the National Production Authority 
(NPA). 


Russell G. Dressler and Loren C. 
Skinner, of the Bureau of Mines, Louis- 
iana, Mo., have been designated to make 


| astudy of synthetic liquid fuels processes 


and installations in Europe. Dr. Dress- 
ler is chief of the gas synthesis demon 
stration plant, and Mr. Skinner is chief 


of engineering and design. During the 


five-week tour, starting early in Sep- 
tember, they visited six countries 


E. H. Ten Eyck, Jr., has been ap- 
pointed to the position of assistant tech- 
nical superintendent at the Charleston, 
West Va., plant of Du Pont’s poly- 


| chemicals department. Mr. Ten Eyck 


received his doctor’s degree in chemical 
engineering at the Polytechnic Institute 


| of Brooklyn and joined Du Pont, later 


in 1949, as an engineer in the p'ant’s 
technical section. In his new position 


he will supervise development work on 


processes for the manufacture of organic 
chemicals. 


William R. Millard, formerly asso- 


ciate engineer at the Ames Laboratory 


and assistant professor of chemical engi- 


| neering at Iowa State College, is now 


with Parke Thompson Associates, Kirk- 


| wood, Mo. 


October, 1952 


int thick or viscous. 
ei: ably dry, firm, easy to 
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HETTRICK MADE MGR. 
CALCO ENG. & DEV. 


Ames B. Hettrick has been appointed 
manager of the newly formed Calco 
engineering and development depart- 
ment of the American Cyanamid Co. 

Educated at Massachusetts Institute 
of Technology in engineering admin- 
istration, Mr. Hettrick has been closely 
identified with the development of the 
commercially important titanium diox- 
ide pigments. He first joined the Stone 
& Webster Engineering Corp. in 1928 
and in 1931 Southern Mineral Products 
Corp. as chief engineer and as plant 
manager in 1934. When this company 


was purchased by Virginia Chemical | 


Corp. in 1936, he became vice-president 


and general manager of the new organ- | 


ization. Upon the acquisition of Vir- 
ginia Chemical’s titanium interests by 
Calco in 
ager of the 


Piney River, Va., plant 


operation and in 1946 assistant manager | 
for the Caleo chem- | 


of manufacturing 
ical division. 


L. H. Landrum has been named chief 
process engineer for American Cyana- 
mid’s atomic energy division in Idaho 
Falls, Idaho. Mr. Landrum joined 
Cyanamid in 1951, being previously em- 
ployed in the development engineering 
department of titanium division of Na- 
tional Lead Co. Prior to being affiliated 
with National Lead, he 
with Carbide 
Corp. and with 
Manufacturing Co 
and M.S. degrees in chemical engineer- 
ing from Missouri University and Wash- 
ington University, respectively. 


Alden R. Loosli has been named as- 


was associated 
Carbon 
Ihe Hydraulic Press 


and 


sistant to the general manager of the | 
American Cyanamid Co., Caleo Chemi- | 


cal Division, Bound Brook, N. J., to 
take effect about Jan. 1, 1953. Mr. 
Loosli attended the University of Idaho 
and obtained his B.S. degree in physical 


sciences from the University of Chicago | 


(1937). He began with Calco in 1937 as 
a student trainee and subsequently held 
supervisory positions in the various pro- 
duction departments of the chemical and 
intermediate division. Following a peri- 
od of sales training in the intermediate 
and chemical sales division Mr. 
was appointed in 1947 assistant sales 
manager of the rubber chemicals depart 
ment and in 1950 was named assistant 
manager of the intermediate and rubber 
chemicals department after the consoli- 
dation of these two departments 


Loosli 


Paul S. Forsyth recently accepted an 
appointment to the staff of the research 
and development board, of the Depart- 
ment of Defense, Washington, D. C. 


He is serving as panel coordinator for | 


the Committee Equipment and 
Supplies. 


(More About People on page 75) 
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1944, he became works man- | 


He received his B.S. | 


Doing away with “DOWN TIME” 


“Down time” — units out of business 
while repairs are being made — is a dead 
loss to production * With EL-CHEM acid- 
proof construction, “down time” is cut to 
an absolute minimum or is done away with 
entirely * EL-CHEM construction is found 
in the largest chemical and steel plants and 
is available for every type of acid handling, 
storage or disposal unit + It is proof against, 
not merely resistant to every kind of cor- 
rosive, as well as against steam and hot 


Process tank in dye 
works, lined with 
Duro-Ply, protected 
with 4” brick joined 
with EL-CHEM 
BRIMSTO and 
LECITE Cements. 


— ££erteo CHEMical 


752-C Broad Street 


Manufacturers of acid and alkali-proof cements, linings and coatings since 1912 


water, fats and oils * Also, it withstands 
mechanical and thermal shock and serves in 
temperatures as high as 1800° Fahr. + Our 
engineers are ready to discuss your acid- 
proofing problem, to make recommendations 
and to furnish plans and estimates, without 
obligation. If desired, we can furnish com- 
plete installation. No job is too large and 
none is too small to be improved by 
EL-CHEM service * Write for technical 
bulletin. 


EL-CHEM 
MATERIALS 
include 
cements * brick 
linings * coatings 
impervious 
membranes 
and are used in 
acid tanks * towers 
floors * stacks 
ducts * sewers 
gutters * waste lines 
neutralizing 
equipment 


ENGINEERING & 
MANUFACTURING CO. 


© Emmaus, Pa. 


Chemicals 


OIL RECLAIMER 


VACUUM PUMP 


USERS INSTALL wt i LCO 


OIL RECLAIMER SYSTEMS TO KEEP 


LUBRICATING AND 


SEALING OILS 


FREE OF SOLIDS * GUMS * WATER 


AND GASES 


THE HILCO OIL RECLAIMER 
IS COMPLETELY AUTOMATIC 


Rite FOR 


A RECOMM 
__ NO OBLI 


¢ THE HILLIARD Corporation, 144 W. 4th St., ELMIRA, N. Y. « 


in Canada — Upton-Bradeen-James, Ltd., 990 Bay St , Toronto — 3464 Park Ave., Montreal 
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HIGH VACUUM 

pumps REQUIRE | 

roR 

MA 

— 


ROTARY 


GIVE YOU: 


Clean, Thorough Separa- 
tions at Larger Capacity 
per Square Foot of Sieve 
Area 


Greater Flexibility of Ma- 
terial Flow 


Choice of Outlet Locations 


Better Control of the Sift- 
ing Operation, including 
Rate of Material Travel 
over the Sieves. 


You get acomplete, thorough separa- 
tion on every sieve with a BAR-NUN! 
Each additional sieve produces an- 
other, different separation, if desired. 
Or it can double or triple the capacity 
in the same floor area. *& If more 
efficient product control by sifting or 
grading is a factor in YOUR process- 
ing, get information on the better BAR- 
NUN Sifter now. 


CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at |5c a word, a minimum of four lines accepted. Box number 
counts as two words. Advertisements average about six words a line. Members of the 
American Institute of Chemical Engineers in good di are all d one six-line insertion 
(about 36 words) free of charge r year. More than one insertion to members will be 
made at half rates. In using the Classified Section of Chemical Engineering Progress it 
agreed by prospective employers and employees that all communications will be acknow!- 
edged, and the service is made available on that condition. Boxed advertisements are available 
at $15 per inch. Size of type may be specified by advertiser. In answering advertisements all 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 East 4Ist Street, New York 17. N. Y. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the eth of the month preceding the issue in which 
it is to appear 


SITUATIONS OPEN 


TECHNICAL RESEARCH ENGINEER 


Experienced man with h | and chemical engi ing background. Should have strong 
bent for converting research results into workable industrial equipment; should also be able 
to carry out essential research in this connection. Versatility and energy are prime 
requisites. Initial effort will be in the field of high vacuum continuous coating. 


Please send résumé to: 


TEAR OUT—PASTE ON LETTER- 
HEAD AND MAIL TODAY! 


B. F. GUMP CO., 

1311 So. Cicero Ave., Chicago 50, Ill. 
Gentlemen: Please send me descriptive liter- 
eture and complete information on the 
GUMP.Built Equipment indicated below: 

BAR-NUN SIFTERS—grade, scalp or sift 
dry materials. 

C) DRAVER FEEDERS—accurate volume per- 
centage feeding. 

[) DRAVER Continuous Mixing Systems— 
accurate, efficient mixing. 

C) VIBROX PACKERS—pack dry materials 
in bags, drums, barrels. 

NET WEIGHERS — automatic 
range from 3 oz. to 75 Ibs. 


B.F. Gump Co. 


Engineers and Manutacturers Since 1872 


weights 


1311 SOUTH CICERO AVE. 


um | CHICAGO 50, ILLINOIS 


NATIONAL RESEARCH CORPORATION 
70 Memorial Drive 
Cambridge 42, Massachusetts 


EXCELLENT OPPORTUNITY 
ENGINEERS 


Chemical, Mechanical, 
Electrical 
for 
Sales 
Estimating 
Design 
Process Development 
Fast Growing 
Medium Size Co. 


Major Chemical Process 
Equipment 
Air Products, Inc. 


P. O. Box 538 
Allentown, Penna. 


ANALYST—At least two to three years’ expe- 


rience preferred; chemistry, hysics or 
metallurgy background; to conduct chemi- 
cal and spectroscopic analysis and mineral 
assay. Start as assistant analyst for train- 
ing to become chief analyst in about a year. 
This is a permanent position with twelve- 
month appointment on the staff of the 
school. Salary commensurate with expe- 
rience and training. Apply to: Associate 
Director, Engineering and Mining Experi- 
ment Station, School of Mines and Tech- 
nology, Rapid City, South Dakota. 


CHEMICAL ENGINEERING TEACHER — 


Wanted by accredited Midwestern § uni- 
versity. Ph.D. desirable but not mandatory. 
Salary and rank dependent on previous ex- 
perience. portunity for both teaching 
and research. Send résumé to Box 3-10, 
Chemical Engineering Progress, New York, 
New York. 


CHEMICAL ENGINEER—Familiar with mate- 


rials of construction and corrosion prob- 
lems to be technical staff man to evaluate 
and recommend, also, develop methods for 
manufacturing chemical-proof equipment 
Advise experience and salary desired. Heil 
Process Equipment Corporation, Cleveland 
11, Ohio 


CHEMICAL ENGINEER WITH GOOD 
MECHANICAL BACKGROUND— 
Wanted by Process Equipment Manu- 
facturer in Northwestern Pennsylvania. 
Should have three or four years’ chemi- 
cal plant experience and be capable of 
handling genera! supervision of engi- 
neering and mechanical design of com- 
pany’s line of special equipment. Please 
submit record of education, expe- 
rience, references and salary expected. 
Box 2-10 


UNUSUAL OPPORTUNITY FOR PLAS- 
TICS CHEMIST for research and prod- 
uct development. Should be experienced 
in polyvinyl chloride compounding. An 
excellent opportunity to progress with 
a well established and rapidly expand. 
ing California organization having a 
healthy balance of government con- 
tracts and commercial business to 
assure excellent future prospects. Em- 
piovese of this organization have 
nowledge of this advertisement. Give 
full particulars in letter—age, expe- 
rience, education, references, personal 
history, salaries received, salary ex- 
pected, and comments on willingness 
to move to Californie Reply Box 
2393 Terminal Annex. Los Angeles 54, 
California. 
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SITUATIONS WANTED 
A.1.Ch.E. Members 


PRODUCTION MANAGER AVAILABLE—Ten 
years’ experience in plant operation in 
troleum and hydrocarbon fields. Currently 
employed in executive capacity. M.S. in en 
ember A.C.S., A.LCh.E. 

icens: Married Age 40. Box 1-10. 


HEAT TRANSFER SPECIALIST Ph.D., chem 
ical engineer, mathematics minor. Seven 
years’ diversified industrial experience 
two years’ consulting and teaching expe- 
rience. Active A.E.C. and Air Force clear 
ances, Sigma Xi, married 
veteran Box 4 

REGISTERED CHEMICAL ENGINEER— 32 
Ten years’ diversified experience, refinery 
engineering, includin group leadership 
Desire design or p uction position with 
ow company in San Francisco Bay area 
Boz 5 


CHEMICAL ENGINEER—BS.ChE. 1950 
23, married. One year as superintendent 
of phosphorus munitions filling and fuzing 
plant. Now with Army Chemical Corps as 
plant development engineer. Available De 
cember |, 1952. Box 6-10 


CHEMICAL ENGINEERING SERVICES -Re 
ports, trouble shooting, process design, cost 
estimating, economic appraisals, engineering 
drawings, plant models, operating instruc 
tions for metallurgical, chemical and pe 
troleum processes. Prompt results on any 
size problem. Box 7-10 


CHEMICAL ENGINEER.29. Employed. Five 
years’ petroleum -efining experience (techni 
cal service and design), two years chemical 
plant including production. Desire position 
with future in oil or related industry. Gulf 
Coast area preferred. Box 8-10 


CHEMICAL ENGINEER--B.ChE. 1949. Age 
26, married. Three years’ experience in de 
velopment and pilot plant operation. Desire 
position of greater responsibility Midwest 
location preferred. Box 9 


TECHNICAL WRITER -BSChE. Age 33. 
family. Offers manufacturing and research 
experience combined with proven writing 
ability Publications in troleum and 
chemical engineering journals. Experienced 
in preparation of operating manuals, ghost 
written speeches, technical advertising 
Desire responsible writing position, any 
location. Box 10-10 


ICAL ENGINEER B.Ch.E., 1950. Age 
23, married. Two years’ experience in pro 
duction supervision. Helped start produc 
tion in fine and intermediate chemical 
processes. Desire sition in production or 
engineering manufacturing oper 
ations with opportunity for advancement. 
Locate Ce Box 11-10. 


CHEMICAL ENGINEER-B.ChE. 1948. Age 
28, family, veteran. Four years’ diversified 
experience with large oil refinery including 
laboratory, pilot plant, technical service 
Desire challenging position in development 
or production with smaller expanding com 
pany. Box 12-10 


CHEMICAL ENGINEER Four years’ produc 
tion experience organic and inorganic chem- 
ical manufacturing Lieutenant, U.S.N 
release date February, 1953. Desire sales 
position small or medium sized company, 
good advancement opportunities. Married, 
29 years old. B.Ch.E. Rensselaer, 1945, one 
year graduate work University of Michigan. 
Box 13-1 


ACADEMIC POSITION—Chemical Engineer- 
ing Ph.D. Age 34, family. Active member 
A.LCh.E. Seek teaching position with re- 
sponsibility and opportunity Twelve- 
month basis preferred. 7‘) years’ teaching, 
industrial, and consulting experience. Pub- 
lications. Excellent references Available 
February or June, 1953. Box 14-10. 


CHEMICAL ENGINEER BS 
(no reserve). ge 31, family. 
challenging position with future. 
years’ progressive diversified experience. 
Alcohol, rayon, plastics, Government serv 
ice. Prefer Eastern U. S. Present salary 
$6000. Box 15-10. 


1942. Veteran 
Seeking 


Seven 


Vol. 48, No. 10 


B. of Ch. E.-35, married, no children. With 
staff level administrative experience includ- 
ing research and 
engineering, market survey and sales. Seek 
administrative 
client contact can be found and involving 
Box product development and application. 

ox 16 10 


RESEARCH DIRECTOR AND ADMINISTRA. 
TOR—Many years’ broad experience direct- 
ing research and development in the chemi 
cal and engineering fields Thoroughly 
familiar with production problems and prac 
tices. Will consider only a top level and 
challenging position. Box 17-10 


CHEMICAL ENGINEER—Thirteen years’ en- 
gineering and development experience in 
chemical manufacturing, tcehnical editing. 
low temperature gas separation, liquid 
oxygen production, etc. Desire responsible 
challenging position in engineering or de 
velopment Prefer Northeast section of 
country. Box 16-10 


CHEMICAL ENGINEER 
veteran er three 
research, design, 
graduate work 
lines with 
immaterial. 


CHEMICAL ENGINEERING SALES BChE.. 
M.B.A. Age 33, married. Seven years’ in 
dustrial experience, three years in sales 
and four years in development and re 
search. Desire a responsible position in 
sales or market research. Can offer aggres- 
dependable representation. Box 


BS.Ch.E Married 

years’ experience in 
and development. Some 
Desire work along same 
responsible position. Location 
Box 19-10 


Nonmembers 


DO YOU NEED CHEMICAL 

ENGINEERS? 

Two chemical engineers 

WORK WITHOUT PAY 

an interest in a business 
you? Box 21-10 


willing to 
in return for 
What have 


CHEMICAL ENGINEER--Age 37 family 
Fourteen years’ petroleum industry expe- 
rience in process engineering, production 
supervision, maintenance, investigations 
reports and correspondence Desire ad 
ministrative position on managerial level 
with company in petroleum or related field 
Present salary $9000. Box 22- 10 


CHEMICAL ENGINEER- BS. MALT. 


Chemical engineering and business adminis 
tration. B.S.Ch.E.. Columbia University, 
1952. Desire position Sneed primary 
consideration. Box 23 


PEOPLE 


(Continued from page 73) 


Milton Devore has recently joined 
the staff of the Fluor Corp., Ltd., Los 
Angeles, as a process engineer. For the 
past seven years he was with U. S. 
Industrial Chemicals Co. in research and 
development. Prior to that, he spent a 
year on the Manhattan Project with the 
Kellex Corp. and during the war was 
a civilian inspector with Chemical War- 
ware Service. He took his B.Ch.E. at 
Cooper Union, class of 1940. 


Richard W. Dehoney development 
engineer, from 1950 to 1952, at Car- 
bide & Carbon Chemicals Co., Oak 
Ridge, Tenn., is now associate professor 
of chemical engineering at Vanderbilt 
University, Nashville, Tenn. He is a 
consultant to the Tennessee Products & 
Chemical Co. and the University of 
Louisville Institute of Industrial Re- 
search. 
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Take the 


out of is 


WITH 


AUTOMATIC 
TANK GAUGE 


For All Types of Low Pressure Tanks 
Easiest to install - Read + Operate + Maintain 


No oil tank should be considered proper! 
equipped without « dependable. gas.ti 
automatic Tank Gauge! The new “VARE 
Figure No. 2500 Automatic Tank Gauge cam 
eliminate the many errors of hand gauging 
and will, in addition permit a host of time 
and money saving advantages 


The Fig. No. 2500 is also adapted for in- 
stallation of “VAREC™ Electronic Remote 
Reading Gauging equipment and Electronic 
Hi-Lo Limit or Controller Switches. Write 
today for full information or send coupon 
below! 


\ THE VAPOR RECOVERY 
SYSTEMS COMPANY 
2820 N. Alameda Street, P. O Bex 231 
Compton, Colifornia, U.S.A 
MAIL COUPON NOW FOR NEW BULLETIN CP 


THE VAPOR RECOVERY SYSTEMS CO. 
2820 N. Alameda Street, P.O. Box 231 
Compton, Californic, U.S.A. 


Company & Dept. 

Nome. Tithe. 
Street ond No.__ 
City and Stote 


Page 75 


| 
Gauging 
» 
\ 
| 
tg 
ig N 
wv 
c 
‘ 
| 
| 
— 
| 
——i 
| 
i 
~ 3 


IF VALVES 
ARE DIFFICULT 
OR COSTLY 
TO OPERATE 


| 4 INSTALL 
VALVE ACTUATORS 
If you require automatic controls or 
power operation —or if your plant 
uses many valves in remote or inac- 
cessible spots, you can save man- 
power and simplify your operations 
by installing Ledeen Valve Actu- 
ators. Adoptable to most any make, 
size and type of valve to operate 
against any line pressure, for any 


fivid medium, with any pressure. 
Positive, rugged, economical. 


Write for Bulletin 512 


| PEOPLE 


(Continued from page 75) 


} 

MUNRO, MONSANTO’S 
PLANT MGR., AT SEATTLE 
The appointment of W. S. Munro as 

plant manager of Monsanto Chemical 

|Co.’s Seattle plant was announced 
recently. 

Munro, a native of Oakland, Calif., 
| received a B.S. degree in chemical en- 
gineering from the University of Wash- 
ington (1935). Before joining Mon- 
santo he was employed by Standard Oil 

Co, at Richmond, Calif., as a chemist. 

He joined I. F. Laucks, Inc., in 1941 

as a chemical engineer and remained 

in this capacity when Monsanto ac- 

quired the Laucks organization in 1944. 

Since 1947 he has been chief chemical 

engineer of the Western division. 


Dorothea Barcus Thomas, formerly 
with Shell Oil Co., San Francisco, 
Calif., and later at its Martinez refinery, 
with Gates Rubber Co. en- 
gaged in textile research. 


Shelby A. Miller, professor, depart- 
ment of chemical engineering, Univer- 
sity of Kansas, is spending this school 
year at the University of Durham at 
Newcastle, England, as a Fulbright lec- 
turer. During his absence he will be 
replaced by Frank C. Fowler as visit- 
ing professor of chemical engineering. 
Dr. Fowler is a consulting engineer in 
Kansas City, Mo. He was a professor 
of chemical engineering at the Univer- 
sity of Oklahoma and prior to that he 
was with the Phillips Petroleum Co. 


Is now 


|Among his other activities he is at | 
| present a consultant to the Midwest Re- | 
search Institute on problems in petro- | 


leum technology. 


C. Fred Gurnham is the new head | 
of the department of chemical engineer- | 


Michigan State College, East 

Dr. Gurnham has more than 
twenty years’ experience in industrial 
| and educational capacities. He went to 
IM.S.C. from Tufts College, Mass., 


ing at 


Lansing 
| 


| where he had headed the chemical engi- | 
| neering curriculum for four years. He | 


|has worked as an assistant professor 

of chemical engineering at Pratt Insti- 
tute; as chemical engineer for the Whit- 
ney Blake Co. and other industrial con- 
| cerns, and as an engineering consultant. 
|Dr. Gurnham holds degrees from Yale 
| University and New York University. 


VALVES © CYLINDERS 
AIR-HYDRAULIC PUMPS & BOOSTERS 
VALVE ACTUATORS © AIR HOISTS 


Chemical Engineering Progress has 
recently received news of the death of 
the following members: 


| Richard P. Horner, Atlantic Refin- 
ling Co., Philadelphia, Pa. 


| 
| 


| Arthur L. Mohler, chlorine area su- 
| perintendent, Columbia Southern Chem- 
lical Corp., Barberton, Ohio. 


| 


MARTINDALE 
PROTECTIVE MASKS 


FROM SLIP. 
PING DOWN 


PRESS EOGES 
— OF FACE PLATE 

TO 

FACE SNUGL 


Weigh less than % ounce 
These light-weight aluminum masks 
provide protection against over 400 
dusts such as wood, coal, lime, salt, 
cement, grain, rust, paper, textiles, 
some insecticides, paint spray 
non-toxic paints, etc. 
Pads can be changed in a few seconds. 
Only clean gauze t the skin. 
ene to wear. Workers like 
them. 


Martindale Protective Masks....$.30 ea. 
No. 1 Refills (Standard weight) .02 ea. 
No. 2 Refills (Heavyweight) .02% ea. 


Write for quantity discounts 
MARTINDALE ELECTRIC CO. 


1322 Hird Ave., 
CLEVELAND 7, OHIO 


BIND 


12 
COMPLETE 
ISSUES 


for 
$ y 


Never thicker than its contents, this 
binder expands to hold 12 issues of 
Chemical Engineering Progress. 

No drilling, no punching, does not 
mar magazines. 

Available for all years, with Chemical 
Engineering Progress, volume number 
and year stamped in gold on the back- 
bone. Delivery 4 to 6 weeks. 

Enclose check or money order. 
Use coupon below for order 


CHEMICAL ENGINEERING PROGRESS 
120 E. 41st St. 
New York 17, N. Y. 10/52 


Gentlemen: | enclose $ for . binder(s). 
@ $2.75 each, for each of the following 


years 
Name 
Address 
City 


State 
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HYDROSTATIC 
GAUGES 


FOR ALL PURPOSES 


FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 


PRESSURE VACUUM DRAFT 
DEPTH & ABSOLUTE PRESSURE 


BAROMETRIC PRESSURE 


DIFFERENTIAL PRESSURE 
SEND FOR BULLETINS 


UEHLING INSTRUMENT C PATERSON. 


EVACTORS 


MEET CORROSION PROBLEMS 


The chemical industries are employing more and 
more Croll-Reynolds Evactors in vacuum proc- 
esses where corrosion resistance is a major con- 
sideration. These steam jet vacuum units provide 
pressures ranging from a few inches to a few 
microns. Croll-Reynolds is a pioneer in the use 
of new construction materials and our engineers 
are investigating corrosion problems continually. 


a 


REYNOLDS 


CHILL-VACTORS 


Stainless steels, Monel metal, Beryllium copper, 
Ni-Resist, PMG metal, hard lead, special bronzes, 
Hastalloy, and Ilium are but a few of the special 
metals which find their way into our equipment. 
Carbon is used extensively as a lining material, 
and many plastics including Teflon and synthetic 
materials are used for making complete Evactors. 


Consult our engineers for high vacuum equip- 
ment carefully designed for your specific condi- 
tions, and constructed of materials selected for 
your particular conditions. 


CROLL-REYNOLDS CO., INC. 


Main Office: 751 Central Avenue, Westfield, New Jersey 
New York Office: 17 John Street, New York 38, N. Y. 
STEAM JET EVACTORS 


CONDENSING EQUIPMENT 
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DICALITE PLANT 


y ...will add approximately 80% increased production capacity 
for Dicalite calcined and processed filteraids and fillers 


The new plant of the Dicalite Division, 
Great Lakes Carbon Corporation, at Lompoc, 
Calif., is now in volume production at a con- 
tinually increasing rate. It represents over 5 
years of engineering, design and construction, 
and is the largest complete unit for processing 
diatomite built in the last 22 years. Full de- 
signed output will add approximately 80% 
increased production capacity for Dicalite cal- 
cined and processed filteraids, fillers and 
other materials. 


This increased production capacity insures a 


plentiful supply of Dicalite products for the 
future. Users can be confident of dependable 
delivery, with four plants in operation, chances 
of interrupted supply are greatly reduced. 


Advanced design of the new plant has 
afforded greater operating flexibility and 
extended processing ranges. Specifications 
for performance and quality of each product 
are readily maintained. Research data are 
being accumulated to aid in developing new 
and improved Dicalite products for future 
industrial use. 


DICALITE DIVISION GREAT LAKES CARBON CORPORATION 


NEW YORK 17 + CHICAGO 1 
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A horizontal seam-rolling machine is used to smooth, 
horden and round up copper shells to closer tolerances thon 
can be done by hand. Designed ond built by Vulcan mechon 
ical engineers, It can handle moterial up to % inches thick 
and shell sections up to 16 feet in length 


FOR 


PRECISION FABRICATION 


Tolerance standards developed at Vulcan are widely used by 
engineers in the chemical process industries. 


A prime reason for this is Vulcan's use of specialized machine Turning collars on heads and trays is everyday work for 

. ! this machine. Collars turned ore uniform and the troys ore 

tools capable of holding close tolerances in forming operations. kept round ond flat. Precision turning of this type greatly 

expedites cssembling ond fitting the trays into the tower 


= Vulcan will assume complete responsibility for the design and 


; precision fabrication so necessary in process equipment. 


Inquiries will receive prompt attention. 


A specially built bor-bending machine can cold form bors 
ULCAN MANUFACTURING DIVISION up to two inches by four inches inte circles thinly inches in 
diometer ond up. These circles ore used for reinforcing ond 
fha VULCAN Copper & Supply Co., General Offices and Plant, CINCINNATI 2, OHIO stiffening rings, backing flanges, lop collors and for internal 
NEW YORK BOSTON PHILADELPHIA SAN FRANCISCO tray support rings. Rings or flonges formed on this machine 

VICKERS VULCAN PROCESS ENGINEERING CO., LTD., MONTREAL, CANADA are held to © close tolerance for roundness ond fiotne:s 


DIVISIONS OF THE VULCAN COPPER & SUPPLY CO. 
VULCAN ENGINEERING DIVISION « VULCAN MANUFACTURING DIVISION « VULCAN CONSTRUCTION DIVISION « VULCAN INDUSTRIAL SUPPLY DIVISION 
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What will they be drying next:? 


It could be your product! There's a lot of magic for 
any manufacturer in a process which gives products 
new form, wider markets, easier and more profitable 
merchandising. Pharmaceuticals, chemicals, “instant” 
coffee, dried milk and other foods . . . these are 
typical of the products that are being successfully 
processed in Swenson Spray Dryers. 


Talk over this technique of drying with a Swenson 
engineer . . . for it is the combination of Swenson 

Here’s the way The Upjohn Company. Kalamazoo. Michigan 

uses Swenson Spray Dryers to manufacture a preparation engineering and equipment which has helped so many 


of proteins and carbohydrates reintorced with vitamins. processors to achieve better results and bigger profits! 


SWENSON EVAPORATOR COMPANY 
15690 Lathrop Avenue, Horvey, lilinois 

Evaporators + Spray Dryers Crystallizers 
Filters + Pulp Washers +» Condensers 


SWENSO 


OTHER WHITING PRODUCTS THAT MEET INDUSTRIES NEEDS 


Electric Chan Trambeam Overhead Drop Tables and Other 


SINCE 1889 
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